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Microcomputer 


Preface 


This Microcomputer Hardware Handbook is published as a service to all microcomputer 
experimenters and service personel. It was compiled after looking carefully through all 
the schematics of the most popular personal computers. 

With this book you will have a data source that examines almost every integrated circuit 
used in modern microcomputers. It is also designed as a quick reference for computerists 
and hardware-hobbyists. 

Thus it helps you instantly identify all the support chips applicable to specific micro- 
processor circuits. (TTL, CMOS, CPUs, interface circuits a. s. o.). Thanks to the manu- 
facturers of their contribution of the material from which this data book was compiled. 


Holzkirchen, März 1982 Winfried Hofacker 
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CONNECTION DIAGRAMS 
PINOUT A 


54/7400 
54H/74H00 
5458/74500 

54LS/74LS00 
QUAD 2-INPUT NAND GATE 


ORDERING ET] See Section 9 
| COMMERCIAL GRADE | GRADE MILITARY GRADE PINOUT B 


Vcec = +5.0 V 35%, Vec = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 7400PC, 74HOOPC 9A 
DIP (P) 74LSOOPC, 74S00PC 


Ceramic 7400DC, 74H00DC 5400DM, 54H00DM 

DIP (D) 74LS00DC, 74S000C |54LS00DM, 54500DM 

Flatpak — 74LSOOFC, 74S00FC |54LSOOFM, 54S00FM 
1) | 8 |7400Fc, 74HooFC 5400FM, 5SAHOOFM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) | 54/744 (u.L.) | 54/745 (U.L.) | 59/7418 (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW 


Inputs .0/1. 1.25/1.25 1.25/1.25 0.5/0.25 
Outputs 12.5/12.5 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


SYMBOL PARAMETER a] ak an SUTSEN na CONDITIONS 


Power Supply. Dr zn Alm 1. pn ae yo wie 
Br 4. iIE% Vin = | Vin = Open 


*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V. 


CONNECTION DIAGRAMS 
PINOUT A 


54/7401 
54H/74H01 


QUAD 2-INPUT NAND GATE 
(With Open-Collector Output 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


OUT Vec = +5.0 V +5%, Vcc = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic | A [7401Pc 


54/74 (U.L.) 54/74H (U.L.) 
HIGH/LOW HIGH/LOW 
Inputs 1.0/1.0 
Outputs 0C*’/10 


SYMBOL PARAMETER 
Power Supply 
Current 
Propagation Delay 


°DC limile apply over operating temperature range: AC limits apply at Ta = +25°C and Vcc = +5.0 V. 
*"0OC— Open Collector 


CONNECTION DIAGRAMS 
PINOUT A 


54/7402 
5485/74502 
54LS/74LS02 
QUAD 2-INPUT NOR GATE 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE PINOUT B 


Vcec = +5.0 V 45%, nz +5.0 V +10%, 


ac Ta = 0°C to +70°C = -55°C to +125°C 


7402PC, 74LSO2PC 
74502PC 


Ceramic 7402DC, 74LS02DC 5402DM, 54LS02DM 

DIP (D) 74502DC 54502DM 

Flatpak — 74LSO2FC, 74S02FC |54LS02FM, 54502FM 
12) | 8 [raoerc 5402FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/745 (U.L.) 54/74L$ (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW 


Inputs 0/1. 1.25/1.25 0.5/0.25 
Outpuis 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3" 


SYMBOL PARAMETER ar Don ab Ta CONDITIONS 


Power Supply Current rent oe = Max 
Vin = | Vin = Open! 
en en FREE Ein: ee en 


*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V. 


CONNECTION DIAGRAM 
PINOUT A 


54/7403 
5458/74503 
54L$S/74LS03 


QUAD 2-INPUT NAND GATE 
(With Open-Collector Output) 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V 45%, Vcc = +5.0 V #10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


7403PC, 74503PC 
74LSOIPC 

A 7403DC, 74503DC 5403DM, 54503DM BA 
74LSOIDC 54LS03DM 

\ 7403FC, 74SO3FC 5403FM, 54S03FM al 
74LSO3FC 54LSOIFM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


TYPE 


54/74 (U.L.) 54/745 (U.L.) 54/74LS (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW 


1.0/1.0 1.25/1.25 0.5/0.25 
0C*'/10 0C*'/12.5 0C'*/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


PARAMETER UNITS CONDITIONS 
Pen Meran I — 


Power Supply Current 22 ee = Max 
Vin | Vin = Open] | Vin = Open] 


3 Er 


Propagation Propsgaton oiay_ | 3 2, Er 2 . m 


Figs. 3-2, 3-4 


"DC timits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V. 
“"0OC— Open Collector 


CONNECTION DIAGRAMS 
PINOUT A 


54/7404 
54H/74H04 
545/74504 

545/74504A 
54LS/741L504 
HEX INVERTER 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V #5%, Vcc = +5.0 V #10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


7404PC, 74HO4PC PINOUT B 
74S04PC, 74S04APC 
74LSO4PC 


7404DC, 74H0O4DC 5404DM, 54H04DM 
74504DC, 74S04ADC 54S04DM, 54504ADM 
74LS04DC 54L504DM 


Plastic 
DIP (P) 


Ceramic 
DIP (D) 


T4SOAFC., 74S04AFC 54S04FM, 54S0O4AFM 
Flatpak ee 54LSO4FM 


n | 8 |7aarc, 74HO4FC 5404FM, S4HO4FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


Inputs .011. 1.25/1.25 1.25/1.25 0.5/0.25 
Outputs 12.5/12.5 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


symeoL | PARAMETER uns| conbırions 
A ER EEE DE 


Power Supply 2.4 
Current u je Vin = | vin = Open 
Propagation Delay Freu] r Fe] 2 Fig. 9-1, 3-4 
Propagation Delay 10 35 a 

(54/74S04A only) 10 40 Burn 


"DC Iımıts appiy over operating temperalure range; AC limits apply at Ta = +25°C and Vcc = +5.0 V. 


CONNECTION DIAGRAMS 
PINOUT A 


54/7405 
54H/74H05 
545/74505 

545/74505A 
54LS/74LS05 


HEX INVERTER 
(with Open-Collector Output) 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


Vcec =+5.0 V +5%, Vec = +5.0 V, 310%, 
Ta = 0°C to +70°C Ta = -55°C tr +125°C 


7405PC, 74HO5PC PINOUT B 
A 174S05SPC, 74S05APC 
74LSOSPC 


7405DC, 74H0SDC 5405DM, 54H05DM 
74505DC, 745S05ADC 54S05DM, 54S05ADM 
74LSOSDC 54LS05D)M 


Plastic 
DIP (P) 


Ceramic 
DIP (D) 


74S05FC, 74SOSAFC 54S05FM, 54505AFM 
Flatpak T4LSOSFC 54LS0',FM 


ie | 8 [740src, 74H0SFc 5405FM, 54HOSFM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25 
Outputs 0C’’/10 00''/12.5 0C’/12.5 0C**/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


SYMBOL PARAMETER nanc na hd a la CONDITIONS 


Power Suppiy Min u aan Nox 
Current 2a = | Vin = Open! 
Propagation Delay Fern os [Fe 9-2, 3-4 
Propagation Delay , ET 
(548/74S05A only) Fig. 9:2, 34 


"DC limits apply over operating lemperature range; AC limits apply at Ta = +25°C and Vcc = +5.0V. 
"OC — Collector 


CONNECTION DIAGRAM 
PINOUT A 


54/7406 


HEX INVERTER BUFFER/DRIVER 
(With Open-Collector High-Voltage Output 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V 35%, Vcc = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 
HIGH/LOW 


1.0/1.0 
0C**/10 


DC AND AC CHARATERISTICS: See Section 3° 


CONDITIONS 


| loL=40ma | = 40 mA 
em = 30 mA 
| lou=16ma | = 16 mA 


output man oumen HIGH Current VOH.T UM NEc=MiN 
Vin = VıL 


Power Supply Current 
Vin = | vm=Oopen | 
a a iR 


"DC limits apply over operating temperature range: AC limits apply at Ta = +25°C and Vec = +5.0 V. 
"OC— Open Collector 


CONNECTION DIAGRAM 
PINOUT A 


54/7407 


HEX BUFFER/DRIVER 
(With Open-Collector High-Voltage Output 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 
OUT 


Vcc = +5.0 V #5%, Vec = +5.0 V #10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 
Plastic 


Ceramic 
er een 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 
HIGH/LOW 


Inputs . 1.0/1.0 
Outputs 0C''/10 


DC AND AC CHARACTERISTICS: See Section 3* 


SYMBOL CONDITIONS 


lo = 40 mA Vec = Min 
pr. DA Vın = VıL 


lor = 16 mA 


Output HIGH Current NOT ONE MIN: 
Vin = VIH 


Power Supply Current Vec = Max 
Propagation Delay Fig. 3-2, 3-5 


"DC limits apply over operating temperature range; AC limits apply al Ta = +25°C and Vec = 15.0 V. 
*"0C— Open Collector 


CONNECTION DIAGRAMS 
PINOUT A 


54/7408 
54H/74H08 
5458/74508 

54LS/74LS08 
QUAD 2-INPUT AND GATE 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vec = +5.0 V +5%, Vcc = +5.0 V #10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic mr 74HO8PC PINOUT B 

DIP (P) Br 74LSOBPC 

Ceramic 7408DC, 74HO8DC 5408DM, S4HOBDM BA 
DIP (D) 74S08DC, 74LS08DC 54S0BDM, 54LS08DM 


7408FC, 74S08FC 5408FM, 54S08FM 
74LSOBFC 54LSOSFM 


| 8 |[7sH08Fc 54HOBFM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/74H (U.L.) | 54/745 (U.L.) | 54/74LS (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW 


Inputs .0/1. 1.25/1.25 1.25/1.25 0.5/0.25 
Outputs 12.5/12.5 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


PARAMETER en SU TaH a UTALS er CONDITIONS 


Power Supply in 8 Vin | Vin = Open] | Vin = Open] 
Current 8.8 


"DC Iimits apply Over operating temperature range: AG limits apply at Ta = +25°C and Vcc = +5.0 V. 


CONNECTION DIAGRAM 
PINOUT A 


54/7409 
54$/74509 
54LS/74LS09 


QUAD 2-INPUT AND GATE 
(With Open-Collector Output 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V 45%, Vcc = +5.0 V #10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic Fr 74S09PC 
DIP (P) EIER 
Ceramic A 7409DC, 74509DC 5409DM, 54509DM 6A 
DIP (D) 74LS09DC 54LS09DM 
Flatpak A 7409FC, 74S0O9FC 5409FM, 54S09FM 
(A 74LSO9FC 54LSO9IFM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


TYPE 


54/74 (U.L.) 54/745 (U.L.) 54/74LS (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW 


Inputs .0/1. 1.25/1.25 0.5/0.25 
Outputs 0C'*/12.5 0C°"/5.0 
E (2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


SYMBOL PARAMETER ac] nieht ET ae CONDITIONS 


Be 
Power Supply Current 8 in = Open 
BET 
Propagation Delay — In [Po 3-2, 3-5 


"DC Ilimits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V. 
*"OC — Open Collector 
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CONNECTION DIAGRAMS 
PINOUT A 


54/7410 
54H/74H10 
5485/74510 

54LS/74LS10 
TRIPLE 3-INPUT NAND GATE 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE PINOUT B 


ns =+5.0 V 45%, Vec = +5.0 V +10%, 
=0°C to +70°C Ta = -55°C to +125°C 


Plastic BE 74H10OPC 
DIP (P) DE 74LS1OPC 


TYPE 


Ceramic 7410DC, 74H10DC 5410DM, 54H10DM 

HP (D) 74S10DC, 74LS10DC 1|54S10DM, 54LS10DM 

£ — 74S10FC, 74LSIOFC |S4S10FM, 54LS10FM 
| 8 |7s10Fc, 7aH1oFc 5410FM, SAH1OFM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) | 54/74H (U.L.) | 54/745 (U.L.) | 54/7418 (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW 


Inputs .0/11. 1.25/1.25 1.25/1.25 0.5/0.25 
Outputs 12.5/12.5 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARATERISTICS: See Section 3* 


SYMBOL PARAMETER a] m Day SW Als PET aa CONDITIONS 


Power Supply Pe. an nu 
Current Es = | vn = Open] 
Propagation Delay Bee ar = 2: A Fig. 3-1, 3-4 


"DC umits apply over operaling temperature range: AC Iimits apply at Ta = +25°C and Vcc = +5.0 V. 
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CONNECTION DIAGRAMS 
PINOUT A 


54/7411 
54H/74H11 
5458/74811 

54LS/74LS11 
TRIPLE 3-INPUT AND GATE 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE PINOUT B 


Vcc = +5.0 V 35%, Vec = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55° C to +125°C 


Plastic 7411PC, 74H11PC 
DIP (P) 74511PC, 74LS11PC 


Ceramic 7411DC, 74H11DC 5411DM, 5S4H11DM 

DIP (D) 74S11DC, 74LS11DC — 54LS11DM 

Flatpak | A |74S11FC, 7aLsIırcC |54S11FM, S4LSIIFM | 
Rn | 8 |zanırc, zantırc 5411FM, 54H11FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L definitions 


54/74 (U.L.) | 54/74H (U.L.) | 54/745 (u.L.) | 54/7418 (U.L.) 
HIGH/LOwW | HıGmsLow | HiıGmsLow } HIGH/LOW 


Inputs .0/1. 1.25/1.25 1.25/1.25 0.5/0.25 
Outputs 12.5/12.5 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


sYmBoL uns|  conbırions 
ARE 


Power Supply Vin = | Vin = Open] Vcc = Max 
Propagation Delay 5 BE > . Er Figs. 3-1, 3-5 


"DC limits apply over operating temperature range: AC limitg apply at Ta = +25°C and Vcc = +5.0 V. 
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CONNECTION DIAGRAM 
PINOUT A 


54/7414 
54LS/74L514 
HEX SCHMITT TRIGGER INVERTER 


:ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


ee +5.0 V +5%, BER +5.0 V +10%, TYPE 
= 0°C to +70°C = -55°C to +125°C 


Faire 74LS14DC 5414DM, 54LS14DM 
| A Ireterc, T74LSI4FC 5414FM, 54LS14FM En 


‚IMPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/74LS (U.L.) 
HIGH/LOW HIGH/LOW 


-auts 1.0/1.0 0.5/0.25 
"Autputs 10/5.0 
(2.5) 


, Seramic 
: AP (D) 

:Fatpak 

RP 


.DC AND AC CHARACTERISTICS: See Section 3° 


SYMBOL PARAMETER a ei fitei UNITS CONDITIONS 


” Positive-going u 
‚7° | Tnresnoid Voltage KERDEN Zen 
a Negative-going F 
ne Threshold Voltage “ FON 


i et- — Vr-| Hysteresis Voltage 0 joa | vo] Vcc = +5.0 V 


|. Input Current at Positive- mA = +50 V, Vin = Vr 
going Threshold 

z- Input Current at Negative- es & 

N going Threshold ar fan Im | en 


8 Input LOW Current al 04] ma | Vcc = Max, Vin = 0.4 V 
er Output Short Circuit Current a Dee Vcc = Max, Vout = 0 V 


en Power Supply Current vn = Gnd | ons Vcc = Max 
Zi LIEBER 2 BEREIEN Sr a u 
"PHL 


"SC hmits apply Over operating Iemperature range: AC limils apply at Ta = +25°C and Vcc = +5.0 V. '"Typical Value 
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545/74515 
54LS/74LS15 


TRIPLE 3-INPUT AND GATE 
(With Open-Collector Outputs) 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


ar +5.0 V +5%, eo. +5.0 V +10%, 
= 0°C to +70°C = -55°C to +125°C 


Plastic 
zn 74LS15DC |[54S15DM, 54LS15DM 
| A [resisre. T4LSISFC 4S15FM, 54LS15FM En 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


Inputs 1.25/1.25 0.5/0.25 
Outputs 0C*'/12.5 0C0*'/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


SYMBOL PARAMETER a a) MITEES UNITS 
rn nn 


"DC limits apply over operating temperature range. AC lımits apply at Ta = +25°C and Vcc 
""OC-— Open Collector 
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CONNECTION DIAGRAM 
PINOUT A 


CONDITIONS 


CONNECTION DIAGRAM 
PINOUT A 


54/7416 


HEX INVERTER BUFFER/DRIVER 
(With Open-Collector High-Voltage Output 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V 45%, Vcc = +5.0 V +10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 
ERrane 7416DC N 
DIP (D) 
Flatpak 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 
HIGH/LOW 


Inputs 1.0/1.0 
Outputs 0C*"'/10 


DC AND AC CHARACTERISTICS: See Section 3” 


CONDITIONS 


Io. = 40 mA ee 
lo. = 16 mA 


Output HIGH Current VoH = 15V, Vec = Min 
Krane = VL 


Power Supply Current | vn=Gond | Zend Vcc = Max 
ec. 
H 15 i 
Propagation Delay 23 Figs. 3-2, 3-4 


"DC limits apply over Operating temperature range: AC limits apply at Ta = +25°C and Vcc = +5.0 V. 
OC — Open Collector 
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CONNECTION DIAGRAM 
PINOUT A 


54/7417 


HEX BUFFER/DRIVER 
(With Open-Collector High-Voltage Output 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


PKGS Vec = +5.0 V +5%, Vcc = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 
Ceramic 
an A [rare 5417FM Ey 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 
FINS HIGH/LOW 


Inputs 1.0/1.0 
Outputs 0C**/10 


TYPE 


DC AND AC CHARACTERISTICS: See Section 3* 


SYMBOL PARAMETER a [vun | CONDITIONS 


em =40 mA 


Output LOW Voltage a | oL=30ma | =% mA 


Output HIGH Current Yan 7 194. VEC =:Min; 
Vin = VIH 


Power Supply Current Vcc = Max 
| vn=Gnd | | vn=Gnd | Gnd 
: 10 5 
Bapee? Be BEE es = = 


“DC limits apply over operating temperature range. AC limils apply at Ta = +25°C and Vec = +5.0 V. 
**0OC— Open Collector 


Vcc = Min 
Vin = VıL 
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CONNECTION DIAGRAMS 
PINOUT A 


54/7420 
54H/74H20 
5458/74520 

54LS/74LS20 
DUAL 4-INPUT NAND GATE 


SADERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


ouT Vcc = +5.0 V 45%, Vcc = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


7420PC, 74H20PC 

74S20PC, 74LS20PC 

7420DC, 74H20DC 5420DM, 54H20DM 

74520DC, 74L820DC |54820DM, 54L520DM 
| a |7as2orc, 7aLszoro |54S20FM, 54LS20FM 
| 8 |7420Fc, 74H20FC 5420FM, 54H20FM 


PINOUT B 


PXGS 


reuts .0/1. 1.25/1.25 1.25/1.25 0.5/0.25 
Zutputs 12.5/12.5 25/12.5 10/5.0 
(2.5) 


9C AND AC CHARACTERISTICS: See Section 3* 


PARAMETER ] nei ne '54/74LS ri 
Power Supply Pin ven in man Vın = Gnd 
Current 20 18 Vin = Open 


2C amıls apply over Operaling temperature range. AC limits apply al Ta = +25°C and Vec = +5.0 V. 


CONDITIONS 


Vcc = Max 
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CONNECTION DIAGRAMS 
PINOUT A 


54/7421 
54H/74H21 
54L$/74L521 
DUAL 4-INPUT POSITIVE AND GATE 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE PINOUT B 


Vec = +5.0 V 35%, Vcc = +5.0 V +#10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 7421PC, 74H21PC 
DIP (P) 74LS21PC 


Ceramic 7421DC, 74H210C 5421DM, 54H21DM ER 
DIP (D) 74LS21DC 54LS21DM 
Flatpak 7421FC, 74LS21FC 5421FM, 54LS21FM 

ir | 8 Jranzırc 54H21FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/74H (U.L.) 54/7418 (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW 


Inputs ‚0/1. 1.25/1.25 0.5/0.25 
Outputs 12.5/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3° 


SYMBOL PARAMETER Kan Frame Saale Eier kagle CONDITIONS 


Power Supply Current 
ur = Gnd 


| Propasaton Delay | Delay Figs. 3-1, 3-5 


wi BE Dar 


"DC limıls apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0V. 
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54/7430 
54H/74H30 
545/74530 

54LS/74LS30 
8-INPUT NAND GATE 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


Vcec = +5.0 V #5%, Vcc = +5.0 V 310%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 7430PC, 74H30PC 9 
DIP (P) 74S30PC, 74LS30PC 


Ceramic 7430DC, 74H30DC 5430DM, S4H30DM 

DIP (D) 74S30DC, 74LS30DC 54S30DM, 54LS30DM 
74S30FC, 74LS30FC 54S30FM, 54LS3OFM 
7430FC, 74H30FC 5430FM, 54H30FM 


A 
A 
gı 


Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25 
QOutputs 20/10 12.5/12.5 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


SYMBOL PARAMETER 
Power Supply 2.0 
Current 6.0 
Propagation Delay 


"IC Iimils apply over Operating temperature range; AC Iımits apply at Ta = +25°C and Vcc = +5.0 V. 
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CONNECTION DIAGRAMS 
PINOUT A 


PINOUT B 


CONNECTION DIAGRAM 
PINOUT A 


54/7432 
545/74532 
54LS/74LS32 
QUAD 2-INPUT OR GATE 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V +5%, Vcc = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic A 7432PC, 74532PC 

DIP (P) 74LS32PC 

Ceramic 7432DC, 74532DC 5432DM, 54532DM 
74LS32DC 541532DM 


DIP (D 


Flatpak «7432 FC, 74532 FC 5432FM, 54532FM 
74LS32FC 54LS32FM 
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/745 (U.L.) 54/74L$ (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW 


Inputs .0/1. 1.25/1.25 0.5/0.25 
Outpuis 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3 for U.L. definitions 


PARAMETER TE an] SataLs Fr la CONDITIONS 


Power Supply Current Do 2 YNZ |_ Vin = Open] Vcc = Max 
36 
15 |20 70 
| Propasaton day | Delay 20 70 a Figs. 3-1, 3-5 


"DC limils appiy over operating temperature range; AC limils apply at Ta = +25°C and Vcc = +5.0V. 
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CONNECTION DIAGRAMS 
PINOUT A 


54/7451 
54H/74H51 
5458/74551 

54LS/74LS51 


DUAL 2-WIDE, 2-INPUT AOI GATE 
DUAL 2-WIDE, 2-INPUT/3-INPUT AOI GATE ('LS5 1) 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 
TYPE 


PKGS T Vcc = +5.0 V +5%, Vec = +5.0 V #10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


er: 74S51PC 
- 74LSS1PC 
7451DC, 74H51DC nn — 54H51DM 
74S51DC 54851DM 
— 74LS51DC 54LS51DM 
Kia | Aa |rassırc 54S51FM 


1) | 8 |zaussırc 54LSS1FM 
7451FC, T4HSIFC 5451FM, 54H51FM 


PINOUT C 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW 


1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25 
20/10 12.5/12.5 25/12.5 10/5.0 
(2.5) 


[DC AND AC CHARACTERISTICS: See Section 3* 


Power Supply 8.0 17. aan Mas 
Current 14 22 
. 11 
De ei BHRHHHBEBICTD 


"ZC amits apply over Operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0V. 


CONDITIONS 


Vin = Pk =:onen] 


Vcec = Max 


Figs. 3-1, 3-4 
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CONNECTION DIAGRAMS 
PINOUT A 


54/7474 
54H/74H74 
5485/74574 

54LS/74LS74 


DUAL D-TYPE POSITIVE EDGE- 
TRIGGERED FLIP-FLOP 


DESCRIPTION — The '74 devices are dual D-type flip-flops with Direct Clear PINDUTB 


and Set inputs and complementary (Q, OÖ) outputs. Information at the input is 
transferred to the outputs on the positive edge ofthe clock pulse. Clock trig- 
gering occurs at a voltage level of the clock pulse and is not directiy related 
to the transition time of the positive going pulse. After the Clock Pulse input 
threshold voltage has been passed, the Data input is Iocked out and informa- 
tion present will not be transferred to the outputs until the next rising edge of 
the Clock Pulse input. 


TAUTH TABLE Asynchronous Inputs: 
(Each Half) LOW input to So sets Q to HIGH level 


LOW input to Co sets Q to LOW level 
INPUT | OLITRUTS Clear and Set are independent of clock 
on | @teı | Simultaneous LOW on Co and So 
makes both Q and Q HIGH 
H = HIGH Voltage Level 
L = LOW Voltage Level LOGIC SYMBOL 


tn = Bit time before clock pulse. 
tn » ı = Bit time after clock pulse. 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE 
OUT 


Vec = +5.0 V 35%, Vcec = +5.0 V #10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 7474PC, T4HT4PC ER 

DIP (P) 74S74PC, T4LST4PC 

Ceramic | „ |74740C, 74H74DC 5474DM, 54H74DM m 

DIP (D) 74S74DC, TALST4DC | 54874DM, 54LS74DM Vera Pin 1a 

Flatpak | A |74574FC, 74Ls7aFC | 54874FM, 54LS74FM PUDTER EN 
N | 8 |7a7aFC, 7AH7AFC 5474FM, 54H74FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) | 54/744 (u.u.) | 54,745 (u...) [54/7415 (u.L.) 
DESCRIPTION HIGH/LOW | HIGH/LOW | HIGH/LOW | HIGH/LOW 


Data Inputs .011. 1.25/1.25 1.25/1.25 0.5/0.25 
Clock Pulse Inputs 2.5/2.5 2.5/2.5 1.0/0.5 
(Active Rising Edge) 
Direct Clear Inputs 
(Active LOW) 

Direct Set Inputs 
(Active LOW) 
Outputs 


PIN NAMES 


Dı, Da 
CPı, CP2 


©oı, Ca 3.75/2.5 3.75/3.75 1.5/0.75 


2.5/1.25 2.5/2.5 1.0/0.5 


Sp1, Sp2 


12.5/12.5 25/12.5 10/5.0 


(2.5) 


Q1, 01,02. % 


LOGIC DIAGRAM (one half shown) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless olherwise specified) 


PARAMETER Fe Peer Ka al UNITS 
Power Supply Dan 0 
Current EIH 8.0 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


54/74 54/74H 54/74$ 54/74LS 
PARAMETER CL = 15 pF |ICL = 25 pF !Cı = 15 pF ICL = 15 pF | UNITS 
ar er DEE 

Frequency 

Propagation Delay 25 

CPn to On Or On 35 
Propagation Delay 20 6.0 

Con orSonton orOn 30 13.5 

Propagation Delay 20 6.0 15 

Con orSon t0oQn OrOn 30 80 24 
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CONDITIONS 


SYMBOL 


SYMBOL CONDITIONS 


Figs. 3-1, 3-8 


Figs. 3-1, 3-8 


Ver 220V 
Figs. 3-1, 3-10 


Ver <0.8V 
Figs. 3-1, 3-10 


AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


SYMBOL unırs | conoırions 
| Min_Max |Min_Max |Min_ Max |Min_Max | 


Setup Time HIGH 
Dn to CPn 


Hold Time HIGH 
Dn to CPn 


Setup Time LOW 
Dn to CPn 


Hold Time LOW 
Dn to CPn 


30 6.0 18 
Con or Son Pulse 


CONNECTION DIAGRAM 
PINOUT A 


54/7475 
4-BIT BISTABLE LATCH 


DESCRIPTION — The '75 latch is used as ternporary storage for binary in- 

formation between processing units and input/output or indicator units. In- 

formation present at a data (D) input is transferred to the Q output when the 

Enable is HIGH and the Q output will follow the data input aslongastheEn- 

able remains HIGH. When the Enable goes LOW, the information (that was LOGIC SYMBOL 
present at the data input at the time the transition occurred) is retained atthe 

Q output until the Enable is permitted to go HIGH. 


The'75 features complementaryQ andQ output froma4-bitlatch and is avail- 


able in 16-pin packages. For higher component density applications, the '77 
4-bit latch is available in the 14-pin package with Q outputs omitted. 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vec = +5.0 V +5%, Voc = +5.0V#10% | Fype 
TA=0°Cto+70°C | Ta=-55°C to +125°C ME Erer 


Vce =Pin5 
Ceramic GND = Pin 12 
A T475FC 5475FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


DESCRIPTION 


54/74 (U.L.) 


FO NAMES HIGH/LOW 


! Data Inputs .0/2. 
E12 Enable input, Latches 1, 2 4.0/4.0 
'&3 Enabıe Input, Latches 3, 4 4.0/4.0 


2 Latch Outputs 
I!y —Q Complementary Latch Outputs- 
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LOGIC DIAGRAM TRUTH TABLE 
(Each Latch) 


tn = bit time before enable 
negative-going lransılion. 
tn - ı = bit time aller enable 
negalıve-going transılion. 
H = HIGH Voltage Level 

L = LOW Voltage Level 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER En an 2 UNITS CONDITIONS 


Vcc = Max, 
un RE Al Inputs = Gnd 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = en (See Section 3 for waveforms and load configurations) 
mr | 


SYMBOL PARAMETER CL = 15 pF CONDITIONS 
rn =400Nn 


Propagation Delay j Bear 
Dtoa Figs. 3-1, 3-5 
Propagation Delay E Baar 
Dtoä Figs. 3-1, 3-4 
Propagation Delay i a 
Eta,.Q Figs. 3-1, 3-8 


AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


SYMBOL PARAMETER UNITS CONDITIONS 


sep Tmemandme | om | m | 
hot Time mia. Dtoe | 6 | m | 
setop Tme Lom.owe | om | 
rot me vom De | om | 
Ferne manmon | m | m | 


CONNECTION DIAGRAM 
PINOUT A 


54/7476 
54H/74H76 
54LS/74LS76 


DUAL JK FLIP-FLOP 
(With Separate Sets, Clears and Clocks) 


DESCRIPTION — The '76 and 'H76 are dual JK master/slave flip-flops with 
separate Direct Set, Direct Clear and Clock Pulse inputs for each flip-flop. 
Inputs to the master section are controlled by the clock pulse. The clock pulse 
also regulates the state of the coupling transistors which connect the master 
and slave sections. The sequence of operation is as follows: 1) isolate slave 
from master; 2) enter information from J and K inputs to master; 3) disable J 
and K inputs; 4) transfer information from master to slave. 


TRUTH TABLE CLOCK WAVEFORM 


ax lev.;| 
BCE 

On 

L 

H 

On 


Asynchronous Inputs: 
LOW input to So sets Q to HIGH level LOGIC SYMBOL 
= HIGH Voltage Level LOW input to Co sets Q to LOW level 
= LOW Voltage Level Clear and Set are independent of clock 
n an ee elbe Simultaneous LOW on Co and So 
makes both Q and Q HIGH 


The 'LS76 is a dual JK, negative edge-triggered flip-flop also offering indivi- 
dual Direct Set, Direct Clear and Clock Pulse inputs. When the Clock Pulse 
input is HIGH, the JK inputs are enabled and data isaccepted. This data will 
be transferred to the outputs according to the Truth Table on the HIGH-to- 
LOW clock transitions. 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE PKG 


Vcc = +5.0 V 35%, Vcc = +5.0 V #10%, TYPE Vec = Pin 5 
Ta = 0°C to +70°C Ta = -55°C to +125°C GND = Pin 13 


Plastic ENFT 74H76PC 

DIP (P) EI 

Ceramic 7476DC, 74H76DC 5476DM, 54H76DM 

DIP (D) 74LS76DC 541L$S76DM 

Flatpak 7476FC, 74H76FC 5476FM, S4H76FM 
{Pr 74LS76FC 54LS76FM 
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INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) | 54/74H (u.L.) | 54/7415 (u.L.) 
PIN NAMES DESCRIPTION HIGH/LOW | HIGH/LOW | HIGH/LOW 


Jı, Je, Kı, Ka Data Inputs 1.25/1.25 0.5/0.25 
CPı, CP Clock Pulse Inputs (Active Falling Edge) 2.5/2.5 2.0/0.5 
&o1, Co2 Direct Clear Inputs (Active LOW) 2.5/2.5 1.5/0.5 
Sp1, Spa Direct Set Inputs (Active LOW) 2.5/2.5 1.5/0.5 
Qu, &ı, &, Ga | Outputs 12.5/12.5 10/5.0 

(2.5) 


LÖGIC DIAGRAMS (one half shown) 
'76, 'H76 


TO OTHER 
FLIP-FLOP 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER anni] 2 Dan an E 7ALS | ynıTs | ConDıTions 
Vec = Max, 
A SHPRN Saren! Ferse Ver =0V 


AC CHARACTERISTICS: Vcc = +5.0 V,Ta = +25°C (See Section 3 for waveforms and load configurations) 


SYMBOL PARAMETER CL = 15 pF [Cı = 25 pF [CL = 15 pF | UNITS | CONDITIONS 
R. =400 N |Rı = 2800 


Maximum Clock | Maximum Clock Frequenoy | Figs. 3-1, 3-9 


Propagation Delay a j 

CPn to On Or On 27 Figs. 3-1, 3-9 
Propagation Delay j Er 
Con Or Son to On Or On Figs. 3-1, 9-10 


AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


SYMBOL PARAMETER su7a_ | STH | SW7ALS | units | ConDITIons 


Setup Time HIGH 
Jn Or Kn t0 CPn 


Hold Time HIGH Fig. 3-18 
Jn Or Kn to CPn 76, 'H76) 


Setup Time LOW Fig. 3-7 
Jn Or Kn to CPn (LS76) 
Hold Time LOW 
Jn Or Kn to CPn 

2 


| Ton or Son Pulse Width LOW | or Son Pulse Width LOW 


CONNECTION DIAGRAM 
PINOUT A 


54/7486 
5458/74586 
54LS/74LS86 
QUAD 2-INPUT EXCLUSIVE-OR GATE 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcec = +5.0 V 35%, Vcc = +5.0 V +#10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 7486PC, 74S86PC 
DIP (P) 74LS86PC 
Ceramic 74860C, 74S86DC 5486DM, 54586DM 6A 
DIP (D) 74LS86DC 54LS86DM 
Flatpak A 7486FC, 74SB6FC 5486FM, 54586 FM 
(P) T74LSB6FC 54LS86FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/745 (U.L.) 54/74LS (U.L.) 
HIGH/LOW HIGH/LOW HIGH/LOW 


Inputs .011. 1.25/1.25 1.070.375 
Qutputs 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3* 


SYMBOL PARAMETER nad ns ZETALS mac CONDITIONS 
Power Supply Current te le Vcc = Max, Vin = Gnd 
75 NEN: 
onen | ml wm (eures 
. 35 105 


*DC limits apply over operaling temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V. 


CONNECTION DIAGRAM 
PINOUT A 


54/7492A 
54LS/74LS92 
DIVIDE-BY-TWELVE COUNTER 


LOGIC SYMBOL 


DESCRIPTION — The '92 is a 4-stage ripple counter containing a high 
speed flip-flop acting as a divide-by-two and three flip-flops connected as 
a divide-by-six. HIGH signals on the Master Reset (MR) inputs override the 
clocks and force all outputs to the LOW state. 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


Vcec = +5.0 V 35%, Vec = +5.0 V #10%, TYPE 
Ta = 0°C t0 +70°C Ta = -55°C to +125°C 


OUT 
frowrerasue [m 
EIETSCCBETEER 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 
DESCRIPTION HIGH/LOW 


0 Qı Q2 Qs 


67 
Vcc =Pin5 

GND = Pin 10 

NC = Pins 2, 3, 4, 13 


122119 8 
Plastic 


DIP (P) 


Ceramic 
DIP (D) 


Flatpak 
I «PA 


54/74LS (U.L.) 


PIN NAMES HIGH/LOW 


! +2 Section Clock Input 0.125/1.5 
: (Active Falling Edge) 

| SPı +6 Section Clock Input 0.250/2.0 
(Active Falling Edge) 

MR, MR2 Asynchronous Master Reset Input 0.5/0.25 

(Active HIGH) 

2% +2 Section Output‘ 10/5.0 

(2.5) 

> -0 +6 Section Outputs 10/5.0 


(2,5) 


== Oo output is guaranteed to drive the full rated fan-out plus the CPı input. 
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FUNCTIONAL DESCRIPTION — The '92 is a 4-bitrippletype divide-by-twelve counter. Each device consists of 
four master/slave flip-flops which are internally connected to provide a divide-by-two sectionanda divideby-six 
section. Each section has a separate clock input which initiates state changes of the counter on the HIGH-to- 
LOW clock transition. State changes of the Q outputs do not occur simultaneousiy because of internal ripple 
delays. Therefore, decoded output signals are subject to decoding spikes and should not be used for clocks or 
strobes. The Qo output of each device is designed and specified to drivethe rated fan-out plus the CPı input of 
the device. A gated AND asynchronous Master Reset (MRı, MR2) is provided which overrides the clocks and 
resets (clears) allthe flip-flops. Since the output from the divide-by-two section is not internallyconnectedtothe 
succeeding stages, the devices may be operated in various counting modes: 


A. Modulo 12, Divide-By-Twelve Counter — The CPı input must be externally connected to the Qo output. 
The CPo input receives the incoming count and Qa produces a symmetrical divide-by-twelve square 
wave output. 


. Divide-By-Two and Divide-By-Six Counter— No external interconnections are required. The first flip- 
flop is used as a binary element for the divide-by-two function. The CPı input is used to obtain 
divide-by-three operation at the Qı and Q2 outputs and divide-by-six operation at the Qs output. 


MODE SELECTION TABLE TRUTH TABLE 


meurs | OUTPUTS COUNT SUTFET 
90 Qı Q2 Qs 


rm 


H = HIGH Voltage Level 
L = LOW Voltage Level 


ITIFT ITITITIM 
FriDIlnrfteörn TDErT 
ZI Iırrrrnrr 


0 
1 
2 
3 
4 
5 
6 
7 
B 
9 
0 
1 


zrzIrnntrtTz2irmer 


Pr GER 


NOTE: Oulput Qo connected to CPı 


LOGIC DIAGRAM 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


PARAMETER zur Baal UNITS 


Din wa an_ was] 
moumien sum en | so| os m 
noumian onen en | 10] os] m 
[power supov oem _ | | | m 


54/74 54/74LS 
PARAMETER CL = 15 pF |Cı = 15 pF UNITS CONDITIONS 
AL =400N 


Maximum Count Frequency, 
CPo Input 

Maximum Count Frequency, 
CPı Input 

Propagation Delay 

CPo to Oo 


SYMBOL CONDITIONS 


Vec = Max, Vin =5.5 V 
Vec = Max, Vin =5.5 V 


Propagation Delay 
CPo to Qa 
Propagation Delay 
CPı to Qı 
Propagation Delay 
CPı to & 
Propagation Delay 
CPı t0 & 


Propagation Delay, MR to On . 9-1, 3-17 


CPo Pulse Width HIGH 
CPı Pulse Width HIGH 
MR Pulse Width HIGH 


SYMBOL PARAMETER sun CONDITIONS 
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54/7493A 
54LS/74L593 
DIVIDE-BY-SIXTEEN COUNTER 


DESCRIPTION — The '93 is a 4-stage ripple counter containing a high speed 
tlip-flop acting as a divide-by-two and three flip-flops connected as a divide- 
by-eight. HIGH signals on the Master Reset (MR) inputs override the clocks 
and force all outputs to the LOW state. 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


Vec = +5.0 V 45%, Vcc = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 
DIP (P) 
Ceramic 


Flatpak 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


CONNECTION DIAGRAM 
PINOUT A 


LOGIC SYMBOL 


@ Qı @& O3 


129 8 ı 


Vcc =Pin5 
GND = Pin 10 
NG = Pins 4, 6, 7, 13 


54/74 (U.L.) 54/74LS (U.L.) 
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW 


+2 Section Clock Input 

(Active Falling Edge) 

+5 Section Clock Input 

(Active Falling Edge) 
Asynchronous Master Reset Inputs 
(Active HIGH) 

*2 Section Output” 


+8 Section Outputs 


“The Oo outpul is guarantaed to drive the full rated fan-out plus the Crı input. 
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1.0/1.5 
1.0/1.0 
0.5/0.25 
10/5.0 
(2.5) 


10/5.0 
(2.5) 


FUNCTIONAL DESCRIPTION — The '93 is a 4-bit ripple type binary counter. It consists of four master/slave 
flip-flops which are internally connected to provide a divide-by-two section and adivide-by-eight section. Each 
section has a separate clock input which initiates state changes of the counter on the HIGH-to-LOW clock 
transition. State changes of the Q outputs do not occur simultaneousiy because of internal ripple delays. 
Therefore, decoded output signals are subject to decoding spikes and should not beused for clocks or strobes. 
The Qo output of each device is designed and specified to drive the rated fan-out plus the cPı input of the 
device. A gated AND asynchronous Master Reset (MRı, MRa) is provided which overrides the clocks andresets 
(clears) all the flip-flops. Since the output from the divide-by-two section is not internally connected to the 
succeeding stages, the devices may be operated in various counting modes. 


A. 4-Bit Ripple Counter — The output Qo must be externally connected to input CPı. Theinput count pulses 
are applied to input CPo. Simultaneous divisions of 2, 4, 8, and 16 are performed atthe Oo, Qı, Q2, and Qa 
outputs as shown in the Truth Table. 


. 3-Bit Ripple Counter — Theinput count pulses are applied to input CPı. Simultaneous frequency divisions 
of 2,4, and 8 are available at the Qı, Qa2, and Qa outputs. Independent use ofthe first flip-flop is available 
if the reset function coincides with reset of the 3-bit ripple-through counter. 


MODE SELECTION TRUTH TABLE 


OUTPUTS 
TPuT | _OUTPUTS | 
OUTPUTS COUNT %& 0ı & & 


L=.E: 


H = HIGH Voltage Level 
L = LOW Voltage Level 


25oo S)1o oo» on-o 
zsırr ııorr ırr ıırr 


EEE ET TEE SETET 
Izımerrrnrıoııırr 
IIızezsıeerrrrrrrr 


anno 
o20nr 


NOTE: Output Qo connected to CPı. 


LOGIC DIAGRAM 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER ar saala UNITS CONDITIONS 


Input HIGH Current 2 s 


[Power Sunny come | | | m | 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


54/74 54/74LS 
SYMBOL PARAMETER CL =15pF|CL = 15pF| UNITS CONDITIONS 
AL=400N 


Maximum Count Frequency 32 MHz 
CPo Input 

Maximum Count Frequency 

CPı Input MIz 

Propagation Delay 

CPo to Oo 

Propagation Delay 

CPo to Q3 


9-1, 3-9 


Eu j in 2 


. 3-1, 3-9 


Propagation Delay 
MR to On 


SYMBOL PARAMETER CONDITIONS 


reeoven Te mn [25 | | 


CONNECTION DIAGRAM 
PINOUT A 


54/74107 
54LS/74LS107 


DUAL JK FLIP-FLOP 
(With Separate Clears and Clocks) 


DESCRIPTION — The '107 dual JK master/slave flip-flops have a separate 
clock for each flip-flop. Inputs to the master section are controlled by the 
clock pulse. The clock pulse also regulates the state of the coupling transi- 
stors which connect the master and slave sections. The sequence of opera- 
tion is as follows: 1) isolate slave from master; 2) enter information from Jand 
K inputs to master; 3) disable J and K inputs; 4) transfer information from 
master to slave. 


TRUTH TABLE CLOCK WAVEFORM 


LOGIC SYMBOL 


= ee Asynchronous Input: 
u Vi & F- 
Kealtime er Clock pulse, LOW input to Co sets Q to LOW level 
 . ı = Bit time after clock pulse. Clear is independent of clock 


ne'LS107 offers individual J, K, clear, and clock inputs. These dual flip-flops 
zre designed so that when the clock goes HIGH, the inputs are enabled and 
zata will be accepted. The logic level ofthe JandK inputs may be allowed to 
znange when the clock is HIGH and thebistable will perform according tothe 
"ruth Table as long as minimum setuptimesare observed. Input data istrans- 
“rred to the outputs on the negative-going edge of the clock pulse. 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V +5%, Vec = +5.0 V +#10%, TYPE 
Ta = 0°C to +125°C Ta = -55°C to +125°C 


m 74107DC, 74LS107DC |54107DM, 54LS107DM = 
| A reorro,zussore |srorem sus | 0 | 
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Vcee = Pin 14 
GND = Pin 7 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/74L$ (U.L.) 
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW 


J1, «a, Kı, Ka Data Inputs 0.5/0.25 
CPı, CP2 Clock Pulse Inputs (Active Falling Edge) 2.0/0.5 
Co1, Co2 Direct Clear Inputs (Active LOW) 1.5/0.5 


Qı, O2, Ö1, &2 | Outputs 10/5.0 
(2.5) 


LOGIC DIAGRAM (one half shown) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER UNITS CONDITIONS 


Power Supply Current BEEIEEETIERTSE Vcec = Max, Vep =0V 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


SYMBOL PARAMETER CL = 15 pF|Cı = 15 pF UNITS CONDITIONS 
RL=40N 


Maximum Clock Frequency Figs. 3-1, 3-9 


Figs. 3-1, 3-9 


Propagation Delay 


Con to On Or Ün Figs. 3-1, 3-10 


“2 SBERATING REQUIREMENTS: Vcoc = +5.0 V, Ta = +25°C 


PARAMETER sama | SWT7AS | units 


Setup Time HIGH 
Jn Or Kn to CPn 

Hold Time HIGH 

Jn or Kan to CPn 

Setup Time LOW 
Jn Or Kn to GPn 

Hold Time LOW 

Jn Or Kn to CPn 

20 


Eon Pune mancon | | | ns | 


CONDITIONS 


Fig. 3-18 (107) 
Fig. 3-7 CLS107 
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CONNECTION DIAGRAM 
PINOUT A 


54/74121 
MONOSTABLE MULTIVIBRATOR 


DESCRIPTION — The '121 features positive and negative dc level triggering 
inputs and complementary outputs. Input pin 5 directly activates a Schmitt 
circuit which provides temperature compensated level detection, increases 
immunity to positive-going noise and assures jitter-free response to slowly 
rising triggers. 


When triggering occurs, internal feedback latches the circuit, prevents re- 
triggering while the output pulse is in progress and increases immunity to 
negative-going noise. Noise immunity istypically 1.2 V attheinputsand 1.5 V 
on Vcec. 
LOGIC SYMBOL 
Output pulse width stability is primarily a function of the external Rx and Cx 
chosen for the application. A 2 kN internal resistor is provided for optional 
use where output pulse width stability requirements are less stringent. Maxi- 
mum duty cycle capability ranges from 67% with a2 kN resistor to 90% with 
a 40 kN resistor. Duty cycles beyond this range tend to reduce the output 
pulse width. Otherwise, output pulse width follows the relationship: 
tw = 0.69 AxCx 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vec = +5.0 V 45%, Vcc = +5.0 V #10%, 


Ta =0°C to +70°C an = 55°C to +125°c | TYPE 


OUT 


Plastic 
DIP (P) 


m s za Vec = Pin 14 
eramic GND=Pin?7 
Sen sarzıom u — ER 
an = 74121FC 54121FM Eu 


INPUT LOADING/FAN-OUT: See Section 3 for U.L.definitions 


54/74 (U.L.) 
PIN NAMES DESCRIPTION HIGH/LOW 


Trigger Inputs (Active Falling Edge) 
Schmitt Trigger Input (Active Rising Edge) 
Outputs 
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TRIGGERING TRUTH TABLE 


No Trigger 
Trigger 
Trigger 


NOTE: 


Triggering occurs only when the © 
output is HIGH (not in timing cycle) 
and one of the above triggering situa- 
tions is satistied. 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 


No Trigger 
No Trigger 
Trigger 


No Trigger 
No Trigger 
Trigger 


PARAMETER a UNITS 
Positive-going Threshold 
Voltage at An or B Inputs 
Negative-going Threshold 
Voltage at An or B TE 


CONDITIONS 


Output Short Circuit -20 -55 
Current -18 -55 m 


Power Supply — State i Er 
Current | Fired State | State 


&C CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See a 3 for waveforms and load configurations) 


m | 
PARAMETER CL = 15 a UNITS 


Propagation Delay 

BtoQ 

Propagation Delay 

nannten Delay 

BtoÖ 

Propagation Delay 

AntoQ 

Pulse width Using 

Pulse Width with Zero i 

Timing Capacitance BEHSEHIENE: Aror 
Pulse Width Using External Be Cx = 100 pF 

Pin 9 = Open 

Timing Resistor 8.0 m | Cx=1.0uF Fig. 3-1,a 


Minimum Duration Cx = 80 pF, Rx = Open 
of Trigger Pulse 


Pin9=Vcc, Fig. a 
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A 


Vec = Max 


CONDITIONS 


Cx = 80 pF 
Fig. 3-1, Fig. a 


Rx =10Kkn 


AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


PARAMETER Tan UNITS CONDITIONS 


Input Pulse rue 1.0 


Rise/Fall Siew Rate 1.0 


External Timing Resistor re j . 2 


67 
Duty Cycle IM | 90 
ia 


TYPICAL CHARACTERISTICS 


— VARIATION IN INTERNAL 


TIMING RESISTOR VALUE 


Alta 


tw — VARATION IN OUTPUT PULSE WIDTH 
D + 


Alw — VARATION IN OUTPUT PULBE WIDTH 


.0 1.0% 
235 50 75 100 125 45 475 so 5. 5.3 "50 25 0 2 0 75 100 128 


"10% 
"15-50 .25 0 .23 
Vcc = BUPPLY VOLTAGE — V Ta— AMBIENT TEMPERATURE — °C 


TA —AMBIENT TEMPERATURE — °C 


Fig. b Varlation In Fig. c Varlation In Fig. d Variation In 
Internal Timing Resistor Value Output Pulse Width Output Pulse Widih 
Versus Ambient Temperaure Versus Supply Voltage Versus Ambient Temperature 


> 
i 
- 
‘ 
sıar E ” 
= i 

wu 
a E 3 
16 . H 
N > 

AENEES Ä 
Eis | pn 5 u 
p’ POSITIVE GOING THRESH! B 3 

wie N a i 
= 5 2 
& S_ = = 
x Vec -5V f I 
z=.43 Hitman: B z £ 
3 NEGATIVE GOING THAESHOLD Vr. & a 
3 raızı Rı INTERNAL 

12 ° 0 
3 75 50 -25 0 23 50 75 100 125 “75-50 -25 o 25 so 75 100 125 5 50.25 0 2 50 75 100 125 
Ta — AMBIENT TEMPERATURE — °C Ta—AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 


Fig.e Schmitt Fig. ! Propagation Delay Fig. 9 Propagation Delay 
Trigger Threshold Voltage Time B Input to © Output Time B Input to Ö Output 
Versus Ambient Termperature Versus Amblent Temperature Versus Ambient Temperature 


Iims 
E 

F us 
.. E 
3 8 
? 3 
BE 1us 8 
£ 2 
j Yr6 8 
° 
\ 
100. ns i 


2 ı 9010 20 “0 80 80100 
Rr — TIMING RESISTOR VALUE — kl Cr — TIMING CAPACITANCE 


Fig. h Output Pulse Width Fig. I Output Puise Width 
Versus Timing Resistor Value Versus External Capacitance 
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CONNECTION DIAGRAM 
PINOUT A 


54/74123 


DUAL RETRIGGERABLE 
RESETTABLE MULTIVIBRATOR 


DESCRIPTION — Each halt of the '123 features retriggerable capability, com- 

plementary dc level triggering and overriding Direct Clear. When a circuit 

is in the quasi-stable (delay) state, another trigger applied to the inputs 

(per the Truth Table) will cause the delay period to start again, without dis- 

turbing the outputs. By repeating this process, the output pulse period (Q 

HIGH, Q LOW can be made as long as desired. Alternatively, a delay period 

can be terminated at any time by a LOW signal on Co, which also inhibits 

triggering. An internal connection from Co to the input gate makes it possible LOGIC SYMBOL 

to trigger the circuit by a positive-going signal on Co, as shown in the Truth 

Table. For timing capacitor values greater than 1000 pF, the output pulse 

width is defined as follows. Euer 
(15) (18) 

tw = 0.28 RxCx (1.0 + 0.7/Ax) 
Where tw is in ns, Rx is in kN) and Cx is in pF. 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 
OUT TYPE 


Vcec = +5.0 V 45%, Vcc = +5.0 V 310%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 

Ceramic 

Flatpak GND = Pin 8 
ig | a azere 54123FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 
PIN NAMES DESCRIPTION HIGH/LOW 


A, Ag Trigger Inputs (Active Falling Edge) 
Bı, Ba Trigger Inputs (Active Rising Edge) 
©oı, Öoa Direct Clear Inputs (Active LOW) 
Q1,Q Positive Pulse Output 

ü.&% Negative Pulse Output 
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TRIGGERING 
TRUTH TABLE 


> 
Ol 
{e) 


POSITIVE OUTPUT PULSE WIDTH u — na 


No Trigger 
No Trigger 
Trigger 


No Trigger 
Trigger 
Trigger 


IS NS ırx<|o 
mx ıxr 


H = HIGH Voltage Levei 
L = LOW Voltage Level 
X = Immalerıal 
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PULSE WIDTH vs Rx AND Cx 


23468109 2 34 6 841: 2 34 6 9103 


TIMING CAPACITANCE Cx — pf 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


PARAMETER units CONDITIONS 
Output Short 
ET EBEBE] 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C {See Section 3 for waveforms and load configurations) 


54/74 
PARAMETER CL = 15 pF UNITS CONDITIONS 
AL=400N 


Propagation Delay 

BtoQ 

Ro es BEEEIEN 

A100 Cx =0pF,Ax=5Kn 
Propagation Delay Fig. 39-1, Fig. a 
BtoQ 

Propagation Delay 

AtoQ 


ne Bu | 
Con to Q Cx =0pF,Rx=5Kn 
Propagation Delay 297 Figs. 3-1, 3-10 
Con toQ 
Bi Pulse Width with Zero Cx =0pF,Rx=5Kn 
an Timing Capacitor Fig. 3-1, Fig. a 
Pulse Width with External Cx = 1000 pF, Rx = 10 kn 
Timing Components 28 er Fig. 3-1, Fig. a 


CONDITIONS 


Trigger Pulse Width 


External Timing Resistor Over Operating 
IXM | Temperature Range 


External Timing Capacitor No Restrictions 


46 


CONNECTION DIAGRAM 
PINOUT A 


54/74125 
54LS/74LS125A 


QUAD BUS BUFFER GATE 
(With 3-State Outputs) 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE 
Vcec = +5.0 V 45%, Vec = +5.0 V +10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 
u 74125DC, 74LS125ADC |54125DM, 54LS125ADM 
u 74125FC, 74LSi25AFC |54125FM, 54LS125AFM Es 


“INPUT LOADING/FAN-OUT: See Section 3 for U.L. detinitions 


54/74 (U.L.) 54/74L$ (U.L.) 
HIGH/LOW HIGH/LOW 
L = LOW Voltage Level 


1.0/1.0 0.5/0.25 X = Immaterial 
130/10 65/15 Z = High Impedance 
(50) (25/(7.9) 


Ceramic 
DIP (D) 


Fiatpak 
12) 


GICH 
L 
L 
H 


H = HIGH Voltage Level 


DC AND AC CHARACTERISTICS: See Seciton 3* 


PARAMETER UNITS 
[Min Max | Min Max 


SYMBOL CONDITIONS 


Vcc = Min, 


Output HIGH Voltage 
p 9 Vin = ViH or ViL 


Output Short Era -30 -70 |-30 -130 

Circuit Current | xC | -28 -70 | -30 -130 
Iren SSpor een ae 
Propagation Delay 13 15 
Data to Output 18 18 
Output Enable Time a el] 
ur En ai mu 


rc umits apply Over oOperaling temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0V. 


Vcc = Max 


Outputs OFF, Vin = Gnd 
VE=4.5V, Vcec = Max 


Figs. 3-3, 3-5 


Figs. 3-3, 3-11, 3-12 


Figs. 3-3, 3-11, 3-12 
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CONNECTION DIAGRAM 
PINOUT A 


54/74132 
548/748132 
54LS/74LS132 


QUAD 2-INPUT 
SCHMITT TRIGGER NAND GATE 
ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vec = +5.0 V +5%, Vec = +5.0 V #10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


A 74132PC, 745132PC 
74LS132PC 
74132DC, 745132DC 54132DM, 545132DM BA 
74LS132DC 54LS132DM 
Flatpak \ 74132FC, 74S132FC 54132FM, 545132FM 
(P 74LS132FC 54LS132FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. defintions 


Inputs 1.0/0.75 1.25/1.25 0.5/0.25 


Outputs 20/10 25/12.5 10/5.0 
(2.5) 


DC AND AC CHARACTERISTICS: See Section 3° 


PARAMETER rn na Sal | CONDITIONS 


Positive-going 
Negative-going 
Threshold | 


Input Current at Positive- “ = = 

going Threshold ea [ao fan four [a Zee 
Input Current at Negative- “ol .. ie z 
going Threshold [0% [sr Jam Im | ne 


Output Short Circuit Current KEIET EEE BER EG Vcc = Max, Vour=0V 


44 11 Vın = Gnd _ 
die ze nn a TE Vin = Open = zu 
, 22 5 
Propagation Delay 22 Figs. 3-1, 3-4 


"DC limits apply over Operating temperature range: AC limits apply at Ta = +25°C and Vcc = +5.0 V. “*Typıcal Valge 


CONNECTION DIAGRAM 
PINOUT A 


545/74$138 
54LS/74L$138 
1-OF-8 DECODER/DEMULTIPLEXER 


DESCRIPTION — The '138 is a high speed 1-of-8 decoder/demultiplexer. 
Tnis device is ideally suited for high speed bipolar memory chip select ad- 
dress decoding. The multiple input enables allow parallel expansion to a 
1-0f-24 decoder using just three '138 devices or to a 1-0f-32 decoder using 
‘our '138 devices and one inverter. The '138 is fabricated with the Schottky 
»arrier diode process for high speed. 


LOGIC SYMBOL 


© SCHOTTKY PROCESS FOR HIGH SPEED 

® DEMULTIPLEXING CAPABILITY 

© MULTIPLE INPUT ENABLE FOR EASY EXPANSION 
© ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V +5%, Vec = +5.0 V +10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


745138DC, 74LS138DC [545138DM, 54LS138DM Eu 
74S138FC, 74LS138FC |54S138FM, 54LS138FM 


PUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/745 (U.L.) 
DESCRIPTION HIGH/LOW 


15 14 13 12 11 10 9 7 


Vec = Pin 16 
GND = Pin 8 


54/74LS (U.L.) 
HIGH/LOW 


m NAMES 


v—A Address Inputs 1.25/1.25 0.5/0.25 
IE Enabie Inputs (Active LOW) 1.25/1.25 0.5/0.25 
= Enable Input (Active HIGH) 1.25/1.25 0.5/0.25 
= -0Or Outputs (Active LOW) 25/12.5 10/5.0 


(2.5) 
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FUNCTIONAL DESCRIPTION — The'138isa high speed 1-of-B decoder/demultiplexer fabricated with the low 
power Schottky barrrier diode process. The decoder accepts three binary weighted inputs (Ao, Aı, A2) and 
when enabled provides eight mutually exciusive active LOW outputs (Oo — Or). The ‘138 features three Enable 
inputs, two active LOW E1, E2) and one active HIGH (E3). All outputs will be HIGH unless Eı and E2areLOW and 
Es is HIGH. This multiple enable function allows easy parallel expansion ofthe devicetoa 11-01-3215 linesto 32 
lines) decoder with just four '138 devices and one inverter. (See Figure a.) The'138 can be used as an 8-output 
demultiplexer by using one of the active LOW Enable inputs as the data input and the other Enable inputs as 
strobes. The Enable inputs which are not used must be permanentiy tied to their appropriate active HIGH or 
active LOW state. 


TRUTH TABLE 


> 
» 
gQ! 
ol 
N 
PD 

1 
> 
ın 
5 l 
SI 


IIII IIIIrxx 
ITrIr IrIm xxx 
EIER Ir xxx 
I_IIIrnnnnrxxx 
III ıaıeır IIı 
IIIzr zIerı ıIı 
ZIII Irıı Iııjoı 
IIIITrIeI zIıIıloı 
IzIimr IIIıe ızıılo 
zzirı see Iııloı 
IFrII zImıı ııılo 
FIII IIıııI zIılol 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


LOGIC DIAGRAM 


Eı B E3 


00 01 O2 01 04 O5 O6 O7 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


PARAMETER Den a BE Fa UNITS 


CONDITIONS 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


PARAMETER CL =15pF|Cı =15pF| UNITS 
Rı = 280N 
Propagation Delay 12 18 
An to On 12 27 
Propagation Delay 8.0 15 
Eı or E to On 11 24 
Propagation Delay 11 18 
Es to On 11 28 


SYMBOL CONDITIONS 


Figs. 3-1, 3-4, 3-5 


Figs. 3-1, 3-5 


Figs. 3-1, 3-4 
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CONNECTION DIAGRAM 
PINOUT A 


5458/745139 
54LS/74LS139 
DUAL 1-OF-4 DECODER 


DESCRIPTION — The '139 is a high speed dual 1-0f-4 decoder/demulti- 
plexer. The device has two independent decoders, each accepting two inputs 
and providing four mutually exclusive active LOW outputs. Each decoder 
has an active LOW Enable input which can be used as a data input for 
a 4-output demultiplexer. Each half of the '139 can be used as a function 
generator providing all four minterms of two variables. The '139 is fabri- 
cated with the Schottky barrier diode process for high speed. LOGIC SYMBOL 


e SCHOTTKY PROCESS FOR HIGH SPEED 

e MULTIFUNCTION CAPABILITY 

+ TWO COMPLETELY INDEPENDENT 1-OF-4 DECODERS 
® ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 


E Ao Aı E A Aı 


DECODER s DECODER b 


ORDERING CODE: See Section 9 


00 0: 02 03 O0 01 02 03 
PIN COMMERCIAL GRADE MILITARY GRADE PKG BC BE BR 08 


Vec = +5.0 V 35%, Vcec = +5.0 V +#10%, 12 11109 
Ta = 0°C to +70°C Ta = -55°C to +125° 


Vcc = Pin 16 
A | 74S139PC, 74LS139PC GND = Pin 8 
Garamie Ey 74S139DC, 74LS139DC |545139DM, 54L5139DM 
Elatpak Ei 74S139FC, 74LS139FC |54S139FM, 54LS139FM | 4 


(P) 
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/745 (U.L.) 54/74LS (U.L.) 
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW 


Address Inputs 1.25/1.25 0.5/0.25 
Enable Input (Active LOW) 1.25/1.25 0.5/0.25 
Outputs (Active LOW) 25/12.5 10/5.0 

(2.5) 


Plastic 
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FUNCTIONAL DESCRIPTION — The '139 is a high speed dual 1-of-4 decoder/demultiplexer fabricated with 
the Schottky barrier diode process. The device has two independent decoders, each of which accepts two 
binary weighted inputs (Ao, Aı) and provides four mutually exclusive active LOW outputs (00 — Os). Each 
decoder has an active LOW enable (E). When Eis HIGH all outputs are forced HIGH: The enablecan be usedas 
the data input for a 4-output demultiplexer application. Each half of tne '139 generates all four minterms oftwo 
variables. These four minterms are useful in some applications, replacing multiple gate functions as shown in 
Figure a, and thereby reducing the number of packages required in a logic network. 


TRUTH TABLE => =D 

% ©  & % 
Aı A 
e € 
a: ID Du 
Aı A 
€ € 
Ar Li 
e E 
In ED 
A ar 

H = HIGH Voltage Level 

L = LOW Voltage Level Fig. a 


X = Immateriel 


LOGIC DIAGRAM 


53 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwisespecified) 


SYMBOL PARAMETER 54/74LS | 54/745 


[rin wor [man wa 
[Fowersunoy cum | u] oo] 


54/74LS 54/745 
SYMBOL PARAMETER CL = 15pF|CıL =15pF| UNITS CONDITIONS 


Propagation Delay 18 : 

An or Aı to On 27 Figs. 3-1, 3-4, 39-5 
Propagation Delay 8.0 
E to On 10 


Figs. 3-1, 3-5 
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CONNECTION DIAGRAM 
PINOUT A 


54/74150 
16-INPUT MULTIPLEXER 


DESCRIPTION — Signals applied to the Select (So — Sa) inputs determine 
which of the data inputs (lo — I15) is routed through to the output. Data from 
the selected input appears at the output (D) in inverled form. When the ac- 
tire-LOW Enable input is HIGH, the output will be HIGH, regardliess of 
other input conditions. 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


Vcc = +5.0 V 35%, Vcec = +5.0 V 310%, 
Ta = 0°C to +70°C Ta = -55°C to +70°C 


OUT TYPE 


BEPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 
HIGH/LOW 


Data Inputs 1.0/1.0 
Select Inputs 1.0/1.0 
Enable Input (Active LOW) 

Inverted Data Output 


mi NAMES DESCRIPTION 


Pr 


ramsyım 
| 
Pa 


LOGIC SYMBOL 


e 7654 3 2 ı 23 22 21 20 19 18 17 16 


lo ı 12 13 la Is des 17 Is lg ho hi hh2 ba his is 


Vcc = Pin 24 
GND = Pin 12 
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CONNECTION DIAGRAM 
PINOUT A 


54/74151A 
545/745151 
54LS/74L5151 
8-INPUT MULTIPLEXER 


LOGIC SYMBOL 
DESCRIPTION — The '151 is a high speed 8-input digital multiplexer. It pro- 


vides in one package, the ability to select one line of data from up to eight 
sources. The '151 can be used as a universal function generator to generate 
any logic function of four variables. Both assertion and negation outputs are 
provided. 


2 1 15 14 19 12 


kb k Ir 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V +5%, Be = +5.0 V 310%, 
Ta = 0°C to +70°C = -55°C to +125°C 


Plastic Bel 74S151PC 
DIP (P) Ba 
Ceramic „ |74151ADc, 745151DC [54151ADM, 545151DM Vec = Pin 16 
DIP (D) 74LS151DC 54LS151DM GND = Pin 8 
Flatpak a |T41S1AFC, 74S151FC  |54151AFM, 54S151FM All 

(F) 74LSI51FC 54LS151FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/745 (U.L.) | 54/74L$ (U.L.) 
PIN.NAMES DESSRIFZION HIGH/LOW HIGH/LOW HIGH/LOW |} 


Data Inputs .0/1. 1.25/1.25 0.5/0.25 
Select Inputs 0/1. 1.25/1.25 0.5/0.25 
Enable Input (Active LOW) .071. 1.25/1.25 0.5/0.25 
Data Output 25/12.5 10/5.0 

(2.5) 
Inverted Data Output 25/12.5 10/5.0 

(2.5) 


TYPE 
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FUNCTIONAL DESCRIPTION — The '151 is a logical implementation of a single pole, 8-position switch with 
the switch position controlled by the state of three Select inputs, So, Sı, S2. Both assertion and negation outputs 
are provided. The Enable input {BE is active LOW. When it is not activated, the negation output is HIGH and the 
assertion output is LOW regardless of all other inputs. The logic function provided at the output is: 


Z= Eeibedoe Se .+heo&e SeS&+12e5e Seth SeSı eh + 
la oe So e SI oe Stils 0 Sn» Sı e Sa +ise Sn eSı e Sa +7 e So 0 Sı * Sp). 


The '151 provides the ability, in one package, to select from eight sources of data or control information. By 
proper manipulation of the inputs, the '151 can provide any logic function of four variables and its:negation. 


TRUTH TABLE 


INPUTS OUTPUTS 


NI 
N 


HIx x x IH UL 
LIL LL[|b 0% 
tL|t ı£ HIN h 
LILt HR L|R l2 
LILH HR la 
L|H ı L [a la 
LIH L Hlß% Is 
LIH H L|k I6 
LIHH #H|%r l7 


H = HIGH Voltage Levei 
L = LOW Voltage Level 


LOGIC DIAGRAM 


S 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER ans UNITS | CONDITIONS 


Output Short Circuit a Ente EIRZ -100 
Current Dr -100 | -20 -100 
BEE 3 HE) EEE BE 


Power Suppiy Current 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


SYMBOL PARAMETER CL = 15 pF|Cı = 15 pF|Cı = 15 pF| UNITS | CONDITIONS 
Ar =400N|AL =280N 


Propagation Delay 
SntoZ 
Propagation Delay 38 18 48 
SntoZz 38 18 30 
Propagation Delay 
EtoZ 
| Propagation Delay R u 


Propagation Delay 70 £ 

70 j a z 2 
Propagation Delay 20 12 
IntoZ 27 12 
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CONNECTION DIAGRAM 
PINOUT A 


54/74153 
545/745153 
54LS/741L5153 
DUAL 4-INPUT MULTIPLEXER 


DESCRIPTION — The '153 is a high speed dual 4-input multiplexer with com- 
mon select inputs and individual enable inputs for each section. It can select 
two lines of data from four sources. The two buffered outputs present datain 
the true {non-inverted) form. In addition to multiplexer operation, the’153 can 
generate any two functions of three variables. 


| ORDERING CODE: See Section 9 


fi pın | COMMERCIAL GRADE| MILITARY GRADE 
OUT 


Vec = +5.0 V +5%, Vcc = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 74153PC, 74S153PC 
SIP (P) 74LS153PC 
Ceramic 74153DC, 74S153DC 54153DM, 545153DM 
DIP (D) 74LS153DC 53LS153DM 
=) 74153FC, 74S153FC 54153 FM, 545153 FM AL 
74LS15IFC 54LS153FM 


54/74LS (U.L.) 
HIGH/LOW 


0.5/0.25 
0.5/0.25 


1.25/1.25 
1.25/1.25 


Side A Data Inputs 


co — lab Side B Data Inputs 

&.$ı Common Select Inputs 1.25/1.25 - 0.5/0.25 

Za Side A Enable Input (Active LOW) 1.25/1.25 0.5/0.25 

Es Side B Enable Input (Active LOW) 1.25/1.25 0.5/0.25 

Za Side A Output 25/12.5 10/5.0 
(2.5) 

Z= Side B Output 25/12.5 10/5.0 
(2.5) 


LOGIC SYMBOL 


6 5 4 3 10 11 12 13 15 


Vec = Pin 16 
GND = Pin 8 
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FUNCTIONAL DESCRIPTION — The ’153 is a dual 4-input multiplexer. It can select two bits of data from upto 
four sources under the control of the common Select inputs (So, Sı). Thetwo 4-input multiplexer circuits have 
individual_active LOW Enables (Ea, Ep) which can be used to strobe the outputs independentiy. When the 
Enables (Ea, Ep) are HIGH, the corresponding outputs (Za, Zu) are forced LOW. The '153 is the logic 
implementation of a 2-pole, 4-position switch, wherethe position ofthe switch is determined by thelogiclevels 
supplied to the two Select inputs. The logic equations for the outputs are shown below. 


Za = En ® (line 51 e Sn + Ihn Sı e So + Izae Sı e So + Ian ® Sı © So 

Zu = Ep ® (top ® Sı ® So + Iın ® Sı e So + In © Sı © So + Igp ® Sı © So) 
The '153 can be used to move data from a group of registers t0 a common output bus. The particular register 
from which the data came would be determined by the state ofthe Select inputs. A less obvious application is a 


function generator. The "153 can generate two functions of three variables. This is useful for implementing 
highly irregular random logic. 


TRUTH TABLE 


SELECT 
ws INPUTS (a or b) OUTPUT 


rrrrr ze 


KXXXX XIX 
KKXXKITXXX 
xXITrX XXX 
ITXXxX xXxXxx 


ja a en En © acln 


Du x 
L L 
L L 
HL 
H L 
L H 
L H 
HH 
HH 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


LOGIC DIAGRAM 


DC CHARACTERISTICS OVER OPERATING BImETu RANGE (unless otherwise specified) 


PARAMETER Pe Be UNITS | conDırions 
Output Short Circuit Lem -55 Eu -00 | -20 -o| „A 
Current er -57 | -40 -100 | -20 -100 
I xMm | 70 
De Ba m 
xC 70 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Ba 3 for as) and load configuration) 


54/74 | sarzas | 745 


SYMBOL PARAMETER cL= =15 er Bu =15 Bi UNITS| CONDITIONS 
an Pre 


Propagation Delay R 2 
Figs. a i “2 


Propagation Delay 
En to Zn 


Propagation Delay 
Into Zn 


Figs. 3-1, 3-4 


Figs. 3-1, 3-5 


54/74154 
1-OF-16 DECODER/DEMULTIPLEXER 


DESCRIPTION — The'154 isa multipurpose decoder designed to accept four 
inputs and provide 16 mutually exclusive outputs. By means of the Address 
(Ao — As) inputs, data applied to one ofthe Enableinputscan beroutedtoany 
one of the outputs in True (non-inverted) form. 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V #5%, Vec = +5.0 V +10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 

Ceramic | | [741540C 

DIP (D) 

ar 74154FC 54154FM E 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


PIN NAMES DESCRIPTION 


Address Inputs 
Enable Inputs (Active LOW) 
Outputs (Active LOW) 


LOGIC SYMBOL 


123456 78 9 10 11 13 14 15 16 17 


Vcc = Pin 24 
GND = Pin 12 


CONNECTION DIAGRAM 
PINOUT A 


54/74 (U.L.) 
HIGH/LOW 


TRUTH TABLE 


OUTPUTS 


INPUTS 


Ö10 O1 Ö12 O1a O4 Ö1s 


0a Os O6 Ör Os Os Ö 


03 


HH HH HH HH 


HHH HH HH HH 


HHH HH HH HH 


HH HH HH 


HHHH HH HH 


HH HH HH 


L 


HHH HH HH HH 


HH HH 


L 


z 
I 
I 
zZ 
TI 
zT 
I 
I 


H 


HH HH HH HH HH HH nH 


H 


HHHHHHHHHL 


H 


HIGH Voltage Level 
LOW Voltage Level 


Immaterial 


- 
T 


LOGIC DIAGRAM 
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FUNCTIONAL DESCRIPTION — The ’154 decoder accepts four inputs and provides 16 mutually exclusive 
active LOW outputs, as shown by the logic symbol. The active LOW outputs facilitate addressing other MSI 
units with active LOW enable. 


The '154 can demultiplex data by routing it from one input to one of 16 possible decoder outputs. The desired 
output is addressed and the data is applied to one of the enable inputs. Providing that the other enable isLOW, 
the addressed output will follow the state of the applied data. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER UNITS CONDITIONS 
Output Short Circuit LEE 
Current -57 
a zubeN ee BrH + 
xC 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = Ben (See Section 3 for waveforms and load configurations) 
m | 


-SYMBOL PARAMETER = 15 pF CONDITIONS 
en = we 9} 


Propagation Delay } 
Figs. a 320 


Propagation Delay , 
a eh a” 


CONNECTION DIAGRAM 
PINOUT A 


54/74157 
5458/7458157 
54LS/74LS157 
QUAD 2-INPUT MULTIPLEXER 


LOGIC SYMBOL 
DESCRIPTION — The '157 isa high speed quad 2-input multiplexer. Fourbits 
:? data from two sources can be selected using the common Select and En- 
as1e inputs. The four buffered outputs present the selected data in the true 
-on-inverted) form. The '157 can also be used to generate any four ofthe 16 


s“erent functions to two variables. s„s2358 41119 


E los Aa Ion In loc Nic Ioa Ta 


SADERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


Vcec = +5.0 V #5%, Vcec = +5.0 V #10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


A 74157PC, 74S157PC 
74LS157PC 


Vcc = Pin 16 
GND = Pin 8 


54/74L$ (U.L.) 
HIGH/LOW 


Source OD Data Inputs 1.25/1.25 0.5/0.25 
Source 1 Data Inputs 1.25/1.25 0.5/0.25 
B Enable Input (Active LOW) 2.5/2.5 1.0/0.5 
: Select Input 2.5/2.5 1.0/0.5 
u-Z Outputs 25/12.5 10/5.0 


(2.5) 
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FUNCTIONAL DESCRIPTION — The '157 is a quad 2-input multiplexer. It selects four bits of data from two 
sources under the control-of acommon Select input (S). The Enable input (E) is active LOW. WhenE is HIGH, all 
ofthe outputs (Z) are forced LOW regardless of all other inputs. The'157 isthelogic implementation of a4-pole, 
2-position switch where the position of the switch is determined by the logic levels supplied tothe Select input. 
The logic equations for the outputs are shown below: 


Za=EethaeS+la®S) Zu=EelineS+imeS) 
Z.e=EelheeS+tbe*ed9) Za=EesthaeSt+kaeS) 


A common use of the '157 isthe moving of data from two groups of registersto four common output busses. The 
particular register from which the data comes is determined by the state ofthe Select input. Aless obvious use is 
as a function generator. The '157 can generate any four of the 16 different functions of two variables with one 
variable common. This is useful for implementing highly irregufar logic. 


LOGIC DIAGRAMS 
157 


ha Ioa hc Ic Ip kon Ina Ios 


s—>> 


m 


Za zZ Zo Za 


'8157 © 'LS157 


los ha [72 Iw Ioe he loa ta ES 
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TRUTH TABLE 


INPUTS OUTPUT 


L 
L 
H 
L 
H 


H = HIGH Voltage Level 
L = LOW Voltage Level 
x = Immaterial 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


PARAMETER UNITS 
| Min_Max | Min_ Max | Min_Max | 


Output Short Circuit 40 -100| -20 -100 " 
Current -40 -100 | -20 -100 ia 


Power Supply Current 


54/74 54/745 54/74LS 
PARAMETER CL =15pF|Cı = 15 pF|CL = 15 pF| UNITS 
Rı =400 NIRL=280N 


SYMBOL CONDITIONS 


CONDITIONS 


Figs. 3-1, 3-20 


PLH 


Su Figs. 3-1, 3-4 


PLH 


En Figs. 9-1, 3-5 
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CONNECTION DIAGRAM 
PINOUT A 


54/74161 e 54LS/74LS161 
54/74163 e 54LS/74L5S163 


SYNCHRONOUS PRESETTABLE 
BINARY COUNTERS 


"MR for "161 


DESCRIPTION — The '161 and '163 are high speed synchronous modulo-16 MR 
"SR for 169 


binary counters. They are synchronously presettable for application in pro- 
grammable dividers and have two types of Count Enable inputs plus a Ter- 
minal Count output for versatility in forming synchronous multistage 
counters. The ’161 has an asynchronous Master Reset input that overrides all 
other inputs and forces the outputs LOW. The '163 has a Synchronous Reset 
input that overrides counting and parallel loading and allows the outputs to 
be simultaneousiy reset on the rising edge of the clock. For functional 
description and detail specifications please refer to the '160 data sheet. For 
S-TTL and LP-TTL versions please see the 9316 data sheet. MB IERD 


ven 


© SYNCHRONOUS COUNTING AND LOADING KT RRRTERE 
© HIGH SPEED SYNCHRONOUS EXPANSION N 


© LS VERSIONS FULLY EDGE TRIGGERED 


STATE DIAGRAM 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V +5%, Vcc = +5.0 V 310%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 74161PC, 74LS161PC 

DIP (P) 74163PC, 74LS163PC 

Ceramic A 74161DC, 74LS161DC 54161DM, 54LS161 DM 7B 

DIP (D) 74163DC, 74LS163DC 154163DM, 54LS163DM 

Flatpak 74161FC, 74LSI61 FC 54161FM, 54LS161FM AL 
(P 74163FC, 74LSI6IFC 54163FM, 54LS163FM 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/7415 (U.L.) 
PIN NAMES DESCRIPTION ano on on 


CEP Count Enable Parallel Input .071. 0.6/0.3 
CET Count Enable Trickle Input .0/2. 1.0/0.5 
CP Clock Pulse Input (Active Rising Edge) ‚0/2. 0.6/0.3 
MR (169) Asynchronous Master Reset Input ‚on. 0.5/0.25 
(Active LOW) 

SR (163) Synchronous Reset Input (Active LOW) ‚011. 0.5/0.25 
Po— Pa Parallel Data Inputs ‚0/1. 0.5/0.25 
PE Parallel Enable Input (Active LOW) on. 0.6/0.3 
9 — 03 Flip-flop Outputs 10/5.0 

(2.5) 
TC Terminal Count Output 10/5.0 

(2.5) 


TYPE 
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LOGIC DIAGRAMS 


en I I 5 


'LS161 


Daii; 


AH IH 


Keler-r 


. SH 


| Ni al 


CONNECTION DIAGRAM 
PINOUT A 


54/74174 
545/745174 
54LS/74L$174 
HEX D FLIP-FLOP 


DESCRIPTION — The '174 is a high speed hex D flip-flop. The device is 
ed primarily as a 6-bit edge-triggered storage register. The information 
ir the D inputs is transferred to storage during the LOW-to-HIGH clock LOGIC SYMBOL 
r+=sition. The device has a Master Resetto simultaneously clear all flip-fops. 


* EDGE-TRIGGERED D-TYPE INPUTS 34 6 111314 
« BUFFERED POSITIVE EDGE-TRIGGERED CLOCK 
« ASYNCHRONOUS COMMON RESET 


Do Dı D2 Ds Da D5 


ZBOERING CODE: See Section 9 1 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


Vec = +5.0 V +5%, Vcec = +5.0 V 310%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


0 Qı Q2 Qa Qa Os 


25 7 1012 15 


745174PC, 74LS174PC Vec = Pin 16 
A 74174DC, 54174DM, GND = Pin 8 
74S174DC, 74LS174DC |545174DM, 54LS174DM 
A 74174FC, 54174FM, AL 
74S174FC, 74LS174FC |54S174FM, 54LS174FM 


54/74L5 (U.L.) 
HIGH/LOW 


Data Inputs 1.25/1.25 0.5/0.25 
Clock Puise Input (Active Rising Edge) 1.25/1.25 0.5/0.25 
Master Reset Input (Active LOW) 1.25/1.25 0.5/0.25 
v- Flip-Flop Outputs 25/12.5 10/5.0 


(2.5) 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER 


Output Short Circuit Current 


Vec = Max, MA= L 
Power Supply Current 72 CP, ÖE1=45V 
öBa, TEı, IE2, Dn = Gnd 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


54/74 54/74L$ 
SYMBOL PARAMETER CL =50 pr |cı = 15 pF| UNITS CONDITIONS 
AL=400N 


Maximum Clock Frequency 


| Min_ Max | Min Max 
EEE EZ 
Propagation Delay 

ze |: :- 
[Propagation Deiay. moon | er | 25] 


Figs. 3-1, 3-8 


Figs. 3-1, 3-16 


s Figs. 3-3, 3-11, 3-12 
Output Enable Time - Au = 2KN (LS173 


Output Disable Time 


Figs. 3-3, 3-11, 3-12 
Rı =2 kN ('LS1739 
CL=5pfF 


AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


SYMBOL PARAMETER UNITS CONDITIONS 

Setup Time HIGH or LOW 

Dan to CP 

Hold Time HIGH or LOW 

Dn to CP 

Setup Time HIGH or LOW 

IEto CP 

Hold Time HIGH or LOW 

IE to CP 


MR Pulse Width HIGH 
Recovery Time, MR to CP 
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and Q outputs. The Clock (CP) and Master Reset (MR) are common to all flip-flops. Each D input's state is 
transferred to the corresponding flip-flop's output following the LOW-to-HIGH Clock (CP) transition. ALOW 
input to the Master Reset (MR) will force all outputsLOW independent of Clock or Data inputs. The ’174 is useful 


for applications where the true output only is required and the Clock and Master Reset are common to all 
storage elements. 


FUNCTIONAL DESCRIPTION — The '174 consists of six edge-triggered D flip-flops with individual D inputs 


TRUTH TABLE 


tn = Bit time before positive-going clock transition 
ta + ı = Bit time after positive-going clock transition 
H = HIGH Voltage Level 
L = LOW Voltage Level 


LOGIC DIAGRAM 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


54/74 54/74$ 54/7415 
SYMBOL PARAMETER CL = 15 pF [CL = 15 pF|Cı = 15 pF | UNITS | CONDITIONS 
RL =400Nn|Rı =280N i 
tPLH Propagation Delay i -1,3- 
Propagation Delay ; ua A 
ae Fige 5 . ie 


AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


PARAMETER 54/74 54/745 54/74LS UNITS 


Setup Time HIGH or LOW 
Dn to CP 


EREEZE FRE EN 
a urn 
Dn to CP 

0 jr | Ins | 

0 | wos | 

BESTE ET EEE EC ES 


SYMBOL CONDITIONS 


Vec = Max ! 
Dn =MR=45V: 
ceP=I 


Icc Power Supply Current 


SYMBOL CONDITIONS 


CP Pulse Width HIGH 
Recovery Time MR to CP 
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CONNECTION DIAGRAM 
PINOUT A 


54/74175 
545/745175 
54LS/74LS175 
QUAD D FLIP-FLOP 


DESCRIPTION — The '175 is a high speed quad D flip-flop. The device is use- 
tul for general flip-flop requirements where clock and clear inputs are com- 
mon. The information on the D inputs is stored during the LOW-to-HIGH 
clock transition. Both true and complemented outputs of each flip-flop are 
provided. A Master Reset input resets all flip-flops, independent of tne Clock 
or D inputs, when LOW. 


LOGIC SYMBOL 


® EDGE-TRIGGERED D-TYPE INPUTS 
© BUFFERED POSITIVE EDGE-TRIGGERED CLOCK 
® ASYNCHRONOUS COMMON RESET 
© TRUE AND COMPLEMENT OUTPUT 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE PKG 


Vcc = +5.0 V 35% Vec = +5.0 V #10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 74175PC, 74S175PC 

DIP (P) 74LS175PC 

Ceramic *) 74175DC, 745175DC |54175DM, 545175DM EB 

DIP (D) 74LS175DC 54LS175DM EN 

Flatpak a |74175Fc, 7asırsec |54175FM, 545175FM Br GND = Pin 8 
(P) 74LS175FC 54LS175FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) | 53748 (u.L.) | 547418 (U.L.) 
PIN NAMES DESCRIPTION HIGH/LOW | HIGH/LOW | HIGH/LOW 


Data Inputs .071. 1.25/1.25 0.5/0.25 
Clock Pulse Input (Active Rising Edge) .0/1. 1.25/1.25 0.5/0.25 
Master Reset Input (Active LOW) .011. 1.25/1.25 0.5/0.25 
True Outputs 25/12.5 10/5.0 

(2.5) 


Complement Outputs 25/12.5 10/5.0 
(2.5) 
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FUNCTIONAL DESCRIPTION — The '175 consists of four edge-triggered D flip-flops with individual D inputs 
and Q and Q outputs. The Clock and Master Reset are common. The four flip-flops will store the state of their 
individual D inputs on the LOW-to-HIGH clock (CP) transition, causing individual Q and Ö outputs to follow. A 
LOW input on the Master Reset (MR) will force all Q outputsLOW and Ö outputs HIGH independent of Clock or 


Data inputs. The '175 is useful for general logic applications where a common Master Reset and Clock are 
acceptable. 


TRUTH TABLE 


INPUTS OUTPUT 


tn = Bit time before clock positive-going transition 
tn + ı = Bit time after clock positive-going transition 
H = HIGH Voltage Level 

L = LOW Voltage Level 


LOGIC DIAGRAM 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER a an Pen UNITS 


a. en er gEER 


CONDITIONS 


Vec = Max 
Dn =MR=45V 
ceP=f 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


SYMBOL 


PARAMETER CL = 15pF|Cı = 15 pF|Cı = 15 pF| UNITS 
RL =400Nn|Rı =280Nn 
Maximum Clock Frequency EEE EZEN 


Propagation Delay 12 
CP to On 17 
Propagation Delay 

MR to On 

Propagation Delay 

MR to Qn 


AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


SYMBOL 


mn — Lo ET 


Setup Time HIGH or LOW 
Dn to CP 
Hold Time HIGH or LOW 
Dn to CP 


or Pone man man zo [re | | 
na a re 


Recovery Time 
MR to CP 
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CONDITIONS 


Figs. 3-1, 3-8 


Figs. 3-1, 3-8 


Figs. 3-1, 3-16 


Figs. 3-1, 3-16 


CONDITIONS 


CONNECTION DIAGRAM 
PINOUT A 


54/74190 
54LS/74LS190 


UP/DOWN DECADE COUNTER 
(With Preset and Ripple Clock) 


DESCRIPTION — The '190 is a reversible BCD (8421) decade counter fea- 
turing synchronous counting and asynchronous presetting. The preset fea- 
ture allows the '190 to be used in programmable dividers. The Count Enable 
input, the Terminal Count output and the Ripple Clock output make possible 
a variety of methods of implementing multi-stage counters. In the counting 
modes, state changes are initiated by the rising edge of the clock. 


® HIGH SPEED — 30 MHz TYPICAL COUNT FREQUENCY LOGIC SYMBOL 
© SYNCHRONOUS COUNTING : 

© ASYNCHRONOUS PARALLEL LOAD 

© CASCADABLE 


1115 1 10 9 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


Vec = +5.0 V #5%, Vec = +5.0 V 310%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


PL Po Pı Pz P3 


Ceramic Vec Pin 16 
DIP (D) GND Pin 8 


Flatpak 
(P) 


54/74LS (U.L.) 
HIGH/LOW 


Count Enable Input (Active LOW) 1.5/0.75 
Clock Pulse Input (Active Rising Edge) 0.5/0.25 
Parallel Data Inputs 0.5/0.25 
Asynchronous Parallel Load Input 0.5/0.25 
(Active LOW) 
Up/Down Count Control Input 0.5/0.25 
Flip-flop Outputs 10/5.0 
(2.5) 
Ripple Clock Output (Active LOW) 10/5.0 
(2.5) 
Terminal Count Output (Active HIGH) 10/5.0 
(2.5) 


LOGIC DIAGRAM 


Count Up 

Count Down 
Preset (Asyn.) 

No Change (Hold) 


"TC is generated internally 


H = HIGH Voltage Level 
L = LOW Voltage Level 
x = Immaterial 


STATE DIAGRAM 


Count up ——e 
COUNT DOWN----> 
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FUNCTIONAL DESCRIPTION — The '190 is a synchronous up/down BCD decade counter and the '191 isa 
synchronous up/down 4-bit binary counter. The operating modes ofthe’190 decade counter andthe’191 binary 
counter are identical, with the only difference being the count sequences as noted in the state diagrams. Each 
circuit contains four master/slave flip-flops, with internal gating and steering logic to provide individual preset, 
count-up and count-down operations. 


Each circuit has an asynchronous parallel load capability permitting the counter to be preset to any desired 
number. When the Parallel Load (PL) input isLOW, information present on the Parallel Data inputs (Po — P3) is 
loaded into the counter and appears on the Q outputs. This operation overrides the counting functions, as 
indicated in the Mode Select Table. 


A HIGH signal on the CE input inhibits counting. When TE is LOW, internal state changes are initiated 
synchronously by the LOW-to-HIGH transition of the clock input. The direction of counting is determined by 
the U/D input signal, as indicated in the Mode Select Table. When counting isto be enabled, the CE signal can 
be made LOW whenthe clock is in either state. However, when countingisto be inhibited, theLOW-to-HIGH CE 
transition must occur only while the clock is HIGH. Similarly, the U/D signal should only be changed when 
either CE or the clock is HIGH. These restrictions do not apply to the 'LS190 and 'LS191; CE and U/D can be 
changed with the clock in either state, provided only that the recommended setup and holdtimesare observed. 


Two types of outputs are provided as overflow/underflow indicators. The Terminal Count (TC) output is 
normally LOW and goes HIGH whena circuit reaches zero in the count-down mode or reaches maximum (9 for 
the '190, 15 for the 191) inthe count-up mode. The TC output willthen remain HIGH until a state change occurs, 
whether by counting or presetting or until U/D is changed. The TC output should not be used asa clock signal 
because it is subject to decoding spikes. 


The TC signal is also used internally to enable the Ripple Clock (RC) output. TheRc output is normally HIGH. 
When CE isLOW and TC is HIGH, the RC output will go LOW when the clock nextgoesLOW and will stay LOW 
until the clock goes HIGH again. This feature simplifies the design of multi-stage counters, as indicated in 
Figures a and b. In Figure a, each RC output is used as the clock input for the next higher stage. This 
configuration is particularly advantageous when the clock source has a limited drive capability, since it drives 
only the first stage. To prevent counting in all stages it is only necessary to inhibit the first stage, since a HIGH 
signal on CE inhibits the RC output pulse, as indicated in the RC Truth Table. A disadvantage of this 
configuration, in some applications, is the timing skew between state changes in the first and last stages. This 
represents the cumulative delay of the clock as it ripples through the preceding stages. 


A method of causing state changes to occur simultaneousiy in all stages in shown in Figure b. All clock inputs 
are driven in parallel and the AC outputs propagate the carry/borrow signals in ripple fashion. In this 
configuration the LOW state duration ofthe clock must be long enough to allow the negative-going edge ofthe 
carry/borrow signal to ripplethrough to the last stage before the clock goes HIGH. There is no such restriction 
on the HIGH state duration oftheclock, sincethe RC output of any package goes HIGH shortlyafter its CP input 
goes HIGH. 


The configuration shown in Figure c avoids ripple delays and their associated restrictions. The CE input fora 
given stage is formed by combining the TC signals from all the preceding stages. Note that in order to inhibit 
counting an enable signal must be included in each carry gate. The simple inhibit scheme of Figures aandb 
doesn't apply, because the TC output of a given stage is not affected by its own CE. 


DIRECTION 
CONTROL 


Fig. a N-Stage Counter Using Ripple Clock 


DIRECTION 
CONTROL 


Synchronous N-Stage Counter Using Ripple Carry/Borrow 


DIRECTION 
CONTROL 


ENABLE 


CLOCK 


Fig. c Synchronous N-Stage Counter with Parallel Gated Carry/Borrow 


15V 
(1.3V tor LS) 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL CONDITIONS 


All inputs = Gnd 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


54/74 54/74L$S 
SYMBOL PARAMETER CL =15pF|CL=15pF| UNITS CONDITIONS 
Rr =400N 


Maximum Count Frequency EEE 
Propagation Delay 
CP to On 


Propagation Delay 
CP to TC 


Propagation Delay 


CPtoRC 


Propagation Delay 
Pn to On 


"| Propagation Delay 
CE to AC 
Propagation D£lay 
PLto On 
Propagation Delay 
WDtoRC 


Propagation Delay 


UD to TC 


Figs. 3-1, 3-8 


Figs. 3-1, 3-5 


Figs. 3-1, 3-16 


Fig. 3-1, Fig. d 


33 
33 


AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


SYMBOL PARAMETER m ERTL UNITS CONDITIONS 


Setup Time HIGH or LOW 


Pn to PL 


Hold Time HIGH or LOW 
Pn to PL 


Setup Time LOW 
CE to CP 
Hold Time LOW 
CEtoCP 


CP Pulse Width LOW 
PL Pulse Widtn LOW 


Recovery Time 


PLto CP 
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CONNECTION DIAGRAM 
PINOUT A 


54/74191 
54LS/741LS191 


UP/DOWN BINARY COUNTER 
(With Preset and Ripple Clock) 


DESCRIPTION — The '191 is a reversible modulo-16 binary counter fea- 
turing synchronous counting and asychronous presetting. The preset feature 
allows the '191 to be used in programmable dividers. The Count Enable input, 
the Terminal Count output and the Ripple Clock output make possible a 
variety of methods of implementing multi-stage counters. In the counting 
modes, state changes are initiated by the rising edge of the clock. For detail 
specifications and functional description, please refer to the'190 data sheet. 


© HIGH SPEED — 30 MHz TYPICAL COUNT FREQUENCY 
© SYNCHRONOUS COUNTING 

® ASYNCHRONOUS PARALLEL LOAD 

© CASCADABLE 


LOGIC SYMBOL 


1115 1 10 9 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 
OUT 


Vcc = +5.0 V 45%, Vcc = +5.0 V #10% 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Plastic 
DIP (P) 
Vcc = Pin 16 
GND = Pin 8 


Ceramic 
: DIP(D 


| a [msioc, 74LS191DC 54191DM, 54LS191DM 7 
A [risıre. 74LS191FC 54191FM, 54LS191FM 


54/74LS (U.L.) 
HIGH/LOW 


1.5/0.75 


Count Enable Input (Active LOW) 


Clock Pulse Input (Active Rising Edge) 0.5/0.25 
P3 Parallel Data Inputs 0.5/0.25 
Asynchronous Parallel Load Input 0.5/0.25 

z (Active LOW) 
U’/D Up/Down Count Control Input 0.5/0.25 
%—-0Q Flip-flop Outputs 10/5.0 
= (2.5) 
rc Ripple Clock Output (Active LOW) 10/5.0 
(2.5) 
TC Terminal Count Output (Active HIGH) 10/5.0 


(2.5) 
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MODE SELECT TABLE RC TRUTH TABLE 


[e; 
Count Up 
Count Down H 
Preset (Asyn.) H 


No Change (Hold) :T 


is generated internally 


H = HIGH Voltage Level 
L = LOW Voltage Level 
x = Immagerial 


STATE DIAGRAM 


——= COUNT UP 
“r-= COUNT DOWN 


LOGIC DIAGRAM 


cıean 
ö 
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CONNECTION DIAGRAM 
PINOUT A 


54/74192 
54LS/74L5192 


UP/DOWN DECADE COUNTER 
(With Separate Up/Down Clocks) 


DESCRIPTION — The '192 is an up/down BCD decade (8421) counter. Sepa- 
rate Count Up and Count Down Clocks are used and in either countingmode 
tne circuits operate synchronously. The outputs change state synchronous 
with the LOW-to-HIGH transitions on the clock inputs. 


Separate Terminal Count Up and Terminal Count Down outputsare provided 
which are used as the clocks for a subsequent stage without extra logic, 
Aus simplifying multistage counter.designs. Individual preset inputs allow 
ne circuits to be used as programmable counters. Both the Parallel Load 
PL) and the Master Reset (MR) inputs asynchronously override the clocks. 


LOGIC SYMBOL 


11 15 1 10 9 


ORDERING CODE: See Section 9 RETTET EN 


COMMERCIAL GRADE MILITARY GRADE cpu 


Vcc = +5.0 V 45%, a =+5.0 V +10%, CPo 
Ta = 0°C to +70°C = -55°C to +125°C TYPE MR Qo Qı Q2 Q; 


741920C, 74LS192DC 54192DM, 54LS192DM EB 
74192FC, 74LS192FC 54192FM, 54LS192FM 


PUT LOADING/FAN-OQOUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 
DESCRIPTION HIGH/LOW 


Count Up Clock Input 
(Active Rising Edge) 


Vcc = Pin 16 
GND = Pin 8 


54/74L$ (U.L.) 
HIGH/LOW 


0.5/0.25 


PIN NAMES 


PD Count Down Clock Input 0.5/0.25 
(Active Rising Edge) 
WR Asynchronous Master Reset Input 0.5/0.25 
(Active HIGH) 
Ex Asynchronous Parallel Load Input 0.5/0.25 
(Active LOW) 
=—P3 Parallel Data Inputs 0.5/0.25 
x —-0 Flip-flop Qutputs 10/5.0 
(2.5) 
35 Terminal Count Down (Borrow) 10/5.0 
Output (Active LOW) (2.5) 
"zu Terminal Count Up (Carry) 10/5.0 


Output (Active LOW) (2.5) 
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FUNCTIONAL DESCRIPTION — The '192 and '193 are asynchronously presettable decade and 4-bit binary 
synchronous up/down (reversible) counters. The operating modes of the '192 decade counter and the '193 
binary counter are identical, with the only difference being the count sequences as noted in the State Diagram. 
Each circuit contains four master/slave tlip-flops, with internal gating and steering logic to provide master reset, 
individual preset, count up and count down operations. 


Each flip-flop contains JK feedback from slave to master such that a LOW-to-HIGH transition on its T input 
causes the slave, and thus the Q outputto change state. Synchronous switching, as opposedtoripple counting, 
is achieved by driving the steering gates of all stages from acommon Count Up lineandacommon Count Down 
line, thereby causing all state changes to be initiated simultaneously. ALOW-to-HIGH transition on the Count 
Up input will advance the count by one; a similar transition on the Count Down input will decreasethe count by 
one. While counting with one clock input, the other should be held HIGH. Otherwise, the circuit will either count 
by twos or not at all, depending on the state of the first flip-flop, which cannot toggle as long as either Clock 
input is LOW. 


The Terminal Count Up (TCu) and Terminal Count Down (TC) outputs are normally HIGH. When a circuit has 
reached the maximum count state (9 for the 192, 15 tor the '193), the next HIGH-to-LOW transition ofthe Count 
Up Clock will cause TCu to g0 LOW. TCu will stay LOW until CPu goes HIGH again, thus effectively repeating 
the Count Up Clock, but delayed by two gate delays. Similarly, the TCo output willgoLOW whenthecircuitisin 
the zero state and the Count Down Clock goesLOW. Sincethe TC outputs repeat the clock waveforms, they can 
be used as the clock input signals to the next higher order circuit in a multistage counter. 


_ Töu=@meQe Thu _ 
TCo = 00 Qı ®e Q2 eQ3 ® CPo 


Each circuit has an asynchronous parallel load capability permittingthecounterto be preset. When the Parallel 
Load (PL) and the Master Reset (MR) inputsareLOW, information present on the Parallel Data inputs (Po — Pa) is 
loaded into the counter and appears on the outputs regardless of the conditions of the clock inputs. A HIGH 
signal on the Master Reset input will disable the preset gates, override both Clock inputs, and latch each Q 
output in the LOW state. If one of the Clock inputs is LOW during and after a reset or load operation, the next 
LOW-to-HIGH transition of that Clock will be interpreted as a legitimate signal and will be counted. 


LOGIC DIAGRAM 
P2 


CcPu 
{UP 
COUNT) 


MODE SELECT TABLE STATE DIAGRAM 


ee | 


Reset (Asyn.) 
x Preset (Asyn.) 
H No Change 
e> Count Up 

Count Down 


H = HIGH Voltage Level 
L = LOW Voltage Level 
x = Immaterial 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


PARAMETER mem Den UNITS 
Output Short arg] -20  -65 An Man -00| na 
Circuit Current -18 -65 | -20 -100 
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AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


PARAMETER Cu=15pF|Cı=15pF| UNITS 
na = 400 AT 


Maximum Count Frequency Se 
Propagation Delay 

CPu or CPo to On 

Propagation Delay 

CPüu to TCu 

Propagation Delay 

CPo to TCo 

Propagation Delay 

Pn to On 

Propagation Delay 40 
PL to On 40 


Propagation Delay, MR to On EZ 


SYMBOL CONDITIONS 


Vcc = Max 


Vcc = Max; MA, PL= Gnd 
Other Inputs = 4.5 V 


SYMBOL CONDITIONS 


Figs. 3-1, 3-8 


Figs. 3-1. 3-5 


Figs. 3-1. 3-5 


Figs. 3-1, 3-16 
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AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


SYMBOL 


ts (H) 
ts (L) 


tn (H) 
tn (L) 


tw (L) 
tw IL) 
tw (H) 
trec 


trec 


PARAMETER ar 74 54/ ars 


Setup Time HIGH or LOW 
Pn to PL 

Hold Time HIGH or LOW 
Pn to PL 


| cPPusewen Low | | | 
PPC puss man Low Im | 
Tran Piso won man Te 1 
[recovery ma, mnıocr [eo [so | 
recovery nme. PLsoer je [m | 
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| 
UNITS CONDITIONS | 


Fig. 3-13 


CPu = CPo = LOW 


CONNECTION DIAGRAM 
PINOUT A 


54/74193 
54LS/74LS193 


UP/DOWN BINARY COUNTER 
(With Separate Up/down Clocks) 


DESCRIPTION — The '193 is an up/down modulo-16 binary counter. Sep- 
arate Count Up and Count Down Clocks are used and in either counting 
mode the circuits operate synchronousliy. The outputs change state syn- 
=Aronous with the LOW-to-HIGH transitions on the clock inputs. Separate 
Terminal Count Up and Terminal Count Down outputs are provided which 
se used as the clocks for subsequent stages without extra logic, thus simpli- 
“ring multistage counter designs. Individual preset inputs allow the circuits 
== be used as programmable counters. Both the Parallel Load (PL) and the 
Master Reset (MR) inputs asynchronousiy override the clocks. For functional 
3escription and detail specifications please refer to the '192 data sheet. 


LOGIC SYMBOL 


11 15 1 10 9 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vec = +5.0 V 35%, Vec = +5.0 V 310%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


74193DC, 74LS193DC |54193DM, 54LS193DM Eu 
74193FC, 74LS193FC 54193 FM, 5S4LS193FM 


BEPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 
DESCRIPTION HIGH/LOW 


Count Up Clock Input 
(Active Rising Edge) 
Count Down Clock Input 
(Active Rising Edge) 


PL Po Pı 
CPu 


P2 Ps 


CPo 
MR Qo Qı Q2 Qa 


54/74LS (U.L.) 
HIGH/LOW 


0.5/0.25 


u NAMES 


0.5/0.25 


Wr Asynchronous Master Reset Input 0.5/0.25 
(Active HIGH) 

= Asynchronous Parallel Load Input 0.5/0.25 
(Active LOW) 

=—-P Parallel Data Inputs 0.5/0.25 

%—-03 Flip-flop Outputs 10/5.0 

(2.5) 

5 Terminal Count Down (Borrow) Output 10/5.0 

(Active LOW) (2.5) 

Fu Terminal Count Up (Carry) Output 10/5.0 


(Active LOW) (2.5) 


89 


MODE SELECT TABLE STATE D'!- RAM 


Reset (Asyn.) 
Preset (Asyn.) 


No Change 
Count Up 
Count Down 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


——- COUNT UP 
--- = COUNT DOWN 


LOGIC EQUATIONS 
FOR TERMINAL COUNT 


TCu = @*0Qı eo» Qs «CPU 
TCo = «Cl en «Qs »CPo 
LOGIC DIAGRAM 
PL Po Pı P2 P3 
(LOAD) 


COUNT) 


(CLEAR) 
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CONNECTION DIAGRAM 
PINOUT A 


54/74194 
545/745194 
54LS/74LS194A 


4-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT REGISTER 


DESCRIPTION — The '194 is a high speed 4-bit bidirectional universal shift 
"egister. As a high speed multifunctional sequential building block, it is 
„seful in a wide variety of applications. It may be used in serial-serial, 
shift left, shift right, serial-parallel, parallel-serial, and parallel-parallel data 
egister transfers. The '194 is similar in operation to the '195 universal 
anift register, with added features of shift left without external connections 
and hold (do nothing) modes of operation. 


LOGIC SYMBOL 
e GUARANTEED SHIFT FREQUENCY OF 30 MHz ('LS194A) 


OR 70 MHz ('S194) 
e ASYNCHRONOUS MASTER RESET 
e HOLD (DO NOTHING) MODE 
e FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS 


2345867 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V +5%, Vcc = +5.0 V 310%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


74194PC 
74S194PC, 74LS194APC 
A 74194DC, 54194DM 
74S194DC, 74LS194ADC |545194DM, 54LS194ADM 
A 74194FC, 654194 FM AL 
T4S194FC, 74LSIY4AFC |54S194FM, 5S4LS194AFM 


Dsa Po Pı P2 P3 Dsı 
So 


Si 


cp 
MR Oo 


0 Q 0:3 


115 14 13 12 


Vec = Pin 16 
GND = Pin8 


54/74LS (U.L.) 
HIGH/LOW 


Mode Control Inputs 1.25/1.25 0.5/0.25 
=—P3 Parallel Data Inputs 1.0/1.0 0.5/0.25 
Ir Serial Data Input (Shift Right) 1.0/1.0 0.5/0.25 
je Serial Data Input (Shift Left) 1.0/1.0 0.5/0.25 
= Clock Pulse Input (Active Rising Edge) 1.25/1.25 0.5/0.25 
ur Asynchronous Master Reset Input 1.25/1.25 0.5/0.25 

(Active LOW) 

x-0 Parallel Outputs 25/12.5 10/5.0 


(2.5) 
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FUNCTIONAL DESCRIPTION — The '194 contains four edge-triggered D flip-fiops and the necessary inter- 
stage logic to synchronously perform shift right, shift left, parallel Ioad and hold operations. Signals applied to 
the Select (So, Sı) inputs determine the type of operation, as shown in the Mode Select Table. Signals on the 
Select, Parallel data (Po— Pa) and Serial data (Dsr, Dsu) inputs can change when the clock is in either state, 
provided only thatthe recommended setup and hold times, with respect to the clock rising edge, are observed. 
Synchronous state changes occur within 8.0 ns (typical, '194) or 15 ns (typical, 'LS194A), making the devices 
especially useful for implementing high speed memory or CPU buffer registers. ALOW signal on Master Reset 
(MR) overrides all other inputs and forces the outputs LOW. 


MODE SELECT TABLE 


MODE M Sı Ss Dar Da Flo Qı & & 


Be 
Ha | go qı @ a 


L 
h x|x a2 
h x1IXx Q2 


Ersena heile ie a 


I = LOW voltage level one setup time prior to the LOW-to-HIGH clock transition. 

h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition. 

Pr (Qn) = Lower case letters indicate Ihe state of the referenced input or output) one setup time 
prior to the LOW-to-HIGH ciock transition. 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 


LOGIC DIAGRAM 


1 
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CONNECTION DIAGRAM 
PINOUT A 


54/74195 
54LS/74LS195A 
UNIVERSAL 4-BIT SHIFT REGISTER 


DESCRIPTION — The '195 is a high speed 4-bit shift register offering typical 
shift frequencies of 50 MHz. It is useful for a wide variety of register and 
zounting applications. The '195 is pin and functionally identical to the 9300, 
33L00 and 93H00. 


« TYPICAL SHIFT RIGHT FREQUENCY OF 50 MHz ('LS195A) 

« ASYNCHRONOUS MASTER RESET 

« J, K INPUTS TO FIRST STAGE 

« FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS 


LOGIC SYMBOL 


SADERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V 35%, Vcc = +5.0 V +10%, 
Ta=0°C to +70°C Ta = -55°C to +125°C 


74195DC, 74LS195ADC !54195DM, 54LS195ADM = 
74195FC, 74LSIISAFC [54195FM, 54LS195AFM 


K 
MR Qo Qı Q2 Q3 


TYPE 


1 15 14 13 12 


54/74LS (U.L.) 
HIGH/LOW 


Parallel Enable Input (Active LOW) 0.5/0.25 

Parallel Data Inputs 0.5/0.25 

R First.Stage J Input (Active HIGH) 0.5/0.25 

‘ First Stage K Input (Active LOW) 0.5/0.25 

7 Clock Pulse Input (Active Rising Edge) 0.5/0.25 

«* Asynchronous Master Reset Input 0.5/0.25 
(Active LOW) 

x-QO Parallel Outputs 10/5.0 

(2.5) 

= Complementary Last Stage Output 10/5.0 


(Active LOW) (2.5) 
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FUNCTIONAL DESCRIPTION — The Logic Diagram and Truth Table indicate the functional characteristics of 
the '195 4-bit shift register. The device is useful in a wide variety of shifting, counting and storage applications. It 
performs serial, parallel, serial to parallel, or parallel to serial data transfers at very high speeds. 


The ’195 has two primary modes of operation, shift right(Qo > Qi) and parallelload, which are controlled by the 
state of the Parallel Enable (PE) input. When the PE input is HIGH, serial data enters the first flip-flop Oo via the J 
and K inputs and is shifted one bit in the direction 0 >2Q1 >20 0Qs following each LOW-to-HIGH clock 
transition. The JK inputs provide the flexibility of the JK type input for special applications, and the simple D 
type input for general applications by tying the two pins together. When thePE input isLOW, the’195 appearsas 
tour common clocked D flip-flops. The data on the parallel inputs Po, Pı, Pa, Pa is transferred to the respective 
Oo. Qı, Q2, Q3 outputs following the LOW-to-HIGH clock transition. Shift left operation (03 —Q2) can be 
achieved by tying the On outputs to the Pn - ı inputs and holding the PE input LOW. 


All serial and parallet data transfers aresynchronous, occuring after each LOW-to-HIGH clock transition. Since 
the '195 utilizes edge-triggering, there is no restriction on the activity ofthe J, K, Pn and PE inputs for logic 
operation — except for the setup and release time requirements. A LOW on the asynchronous Master Reset 
(MR) input sets all Q outputs LOW, independent of any other input condition. 


MODE SELECT TABLE 


OPERATING MODES nn SHTEUTS _ 
MA PE KM Oo 0 a & & 
LLLL 


Asynchronous Reset 


X 

Shift, Set First Stage h 

Shift, Reset First Stage h Lg qı @ 
h go oo qı @ 
h 


go 9 gg @ 


Parallel Load Po pı p2 Pp3 


H = HIGH Voltage Level L = LOW Voltage Level X = Immaterial 

I = LOW voltage level one setup time prior to the LOW to HIGH clock transition. 

h = HIGH voltage level one setup time prior to the LOW to HIGH clock transition. 

Prı {qn} = Lower case lelters indicate the state of Ihe referaenced input (or output) One setup time prior to 
the LOW to HIGH clock transition. 


Shift, Toggle First Stage 


J 
x 
h Ho a 
l 
h 
Shitt, Retain First Stage I 


LOGIC DIAGRAM 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER Keen] E UNITS CONDITIONS 


Icc Power Supply Current 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


SYMBOL PARAMETER CL=15pF|CL = 15pF| UNITS CONDITIONS 
AL=40N 


IPLH Propagation Delay 
PHL GP to On 


PHL Propagation Delay, MA to On EI EZ Figs. 9-1, 3-16 


AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C 


PARAMETER a] Dam UNITS 
Setup Time HIGH or LOW KOE 
J, Kor Pn to CP 15 
Hold Time HIGH or LOW 
J, Kor Pn to CP 
Setup Time HIGH or LOW 
PEto CP 
Hold Time HIGH or LOW 
PEto CP 


[o Pone wan man ve I | m 
Bi Pu man con I m 


[Recovery Tme, Amor | m | oe 


CONDITIONS 


Fig. 3-6 


Fig. 3-16 
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CONNECTION DIAGRAMS 


545/745240 e 54LS/74LS240 
545/745241 e 54LS/74LS241 
54LS/74L5244 


OCTAL BUFFER/LINE DRIVER 
(With 3-State Outputs) 


DESCRIPTION — The '240, '241 and '244 are octal buffers and line drivers 
designed to be employed as memory address drivers, clock drivers and bus 
oriented transmitters/receivers which provide improved PC board density. 


© HYSTERESIS AT INPUTS TO IMPROVE NOISE MARGINS 
e 3-STATE OUTPUTS DRIVE BUS LINES OR BUFFER 
MEMORY ADDRESS REGISTERS 
© OUTPUTS SINK 24 mA (74LS) OR 40 mA(74S) 
© 15 mA SOURCE CURRENT 
® INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
© FULLY TTL AND CMOS COMPATIBLE 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


OUT Vec = +5.0 V, +5%, Vec = +5.0 V, 310%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Bes 


DIP (P) IB | 748241PC, 74LS241PC 


C |741LS244PC 


ee 
To [naszeırc.rarsaeıre [saszerrmauıszeru | ar 


INPUT LOADING/FAN-OUT: See Section 9 


54/745 (U.L.) 
PIN NAMES | DESCRIPTION yarıEn 


OEı, OE2 3-State Output Enable (Active LOW) 1.25/1.25 
OE2 3-State Output Enable (Active HIGH) 1.25/1.25 
Inputs 1.25/0.25 

Outputs 75/40 

(30) 
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PINOUT A 


54/74L$ (U.L.) 
HIGH/LOW 


0.5/0.25 
0.5/0.25 
0.5/0.125 
75/15 
(7.5) 


TRUTH TABLES 


'S240, 'LS240 '5241, 'LS241 ’'L5244 


INPUTS | output 


H = HIGH Voltage Level L = LOW Voltage Level x = Immatorial 2 = High Impedance 


IC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


v loH = -12 mA 
lor = -15 mA 


DESCRIPTION 


Output HIGH Voltage Vece = Min, ViH = 2.0 V 
VıL = Max, loH = -3.0 mA 
Vce = Min, ViH = 2.0 V 


VıL = Max, IoH = -1.0 mA 


ee 
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AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


54/745 54/74LS 
PARAMETER CL =50 pFICL =50pF| UNITS CONDITIONS 
ARL=90N 


Propagation Delay 70 . | 
Data to Output ("240) 7.0 Figs. 3-1, 3-4 
Propagation Delay 9.0 18 
Data to Output (241) 90 18 
10 
15 


Propagation Delay 18 

Data to Output ('244) 18 

Output Enable Time i 

5240) re Bu a a ar 
Output Enable Time Figs. 3-3, 3-11, 3-12 
ULS240, "LS241, 'S241) RL = 667 N (LS) 
urn BER 2 a ee] an 67 1. sr 


RL = 667 0,CL =5pF(LS 


CONNECTION DIAGRAMS 
PINOUT A 


54LS/74L5242 
54LS/74L5243 


QUAD BUS TRANSCEIVER 
(With 3-State Outputs) 


; DESCRIPTION — The 'LS242 and '243 are quad bus transmitters/receivers 
; designed for 4-line asynchronous 2-way data communications between data 
buses. 


' e HYSTERESIS AT INPUTS TO IMPROVE NOISE IMMUNITY 

© 2-WAY ASYNCHRONOUS DATA BUS COMMUNICATION 

© INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
| © FULLY TTL AND CMOS COMPATIBLE 


PINOUT B 


ORDERING CODE: See Section 9 


pın | SOMMmERcCIAL GRADE] Mititany GRADE | 5% 
OUT| 7,=0Cto+70°C | Ta=-55°Cto+12sec | TYPE 


Vec =+5.0V +5%, Vec = +5.0 V #10%, 


Plastic 
DIP (P) 


Se 2 
BC u EEE 
= 
Oo fruszeno para 
De Jnussere sur 


Ceramic 
DIP (D) 


54/74LS (U.L.) 
HIGH/LOW 


Inputs 0.5/0.125 
Outputs 75/15 


1 

| 

h 

j 

Flatpak 

(P) 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 
(7.5) 


99 


TRUTH TABLES 


'LS242 


L 
L 
H 
H 


OUTPUT 


L Ze 
L x 
HL 


HH 


H = HIGH Voltage Level L = LOW Voltage Level X = Immalerial Z = High Impedance 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


VH=20V 


Output HIGH Voltage v 10H = ar mA 
ELEN 
ar Be u Ser U en: er Io Tr 


Vın = Vin or VıL per Truth Table 
Output Short Circuit Current 0 225 | ma | Vcec = Max, Vour =0V 
HIGH —— 


(242) 
(243 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = nme | (See Section 3 for waveforms and load configurations) 


| swras | | 
SYMBOL PARAMETER CL =45 ee UNITS CONDITIONS | 


Se 
= fra ofen: 

= Jemen [8 |» [mar 

5 Jene | #1 > [mise 
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SYMBOL CONDITIONS 


Vec = Min 


Power Er 


Current Voc = Max 


Icc 


CONNECTION DIAGRAM 
PINOUT A 


54LS/74LS245 


OCTAL BUS TRANSCEIVER 
(With 3-State Outputs) 


DESCRIPTION — The 'LS245 is an octal bus transmitter/receiver designed 
‘or 8-line asynchronous 2-way data communication between data busses, 
Sirection input (DR) controls transmission of data from bus Ato bus Bor bus 
3 to bus A depending upon its logic level. The Enable input (E) can be used 
0 isolate the busses. 


© HYSTERESIS INPUTS TO IMPROVE NOISE IMMUNITY 

© 2-WAY ASYNCHRONOUS DATA BUS COMMUNICATION 

© INPUT DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
® FULLY TTL AND CMOS COMPATIBLE 


= 
Br 
ig® 
T 
ps 
I 


= 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 
OUT TYPE 


in 


Vcc = +5.0 V +5%, Vec = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


A 174LS245PC 
74LS245DC 54L5S245DM Eu 
74LS245FC 541LS245FM 


MEPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74LS (U.L.) 
HIGH/LOW 


0.5/0.125 
75/15 
(7.9) 


atpak 


routs 
Zutputs 


TRUTH TABLE 
INPUTS 


E_ or 
L 
L 
H 


OUTPUT 


L |Bus B Data to Bus A 
H |Bus A Data to Bus B 
X |Isolation 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


PARAMETER Sur UNITS 


Output HIGH Voltage 


Bu m ee et 


Output Short Circuit Current BESBECHECE 
KT 


| Low | 


CONDITIONS 


Vcec = Min 
Vin = VIH 
or VıL per 

Truth Table 


loH = -3.0 mA, Vec = Min 
Vın = Vin or Vi per Truth Table 


Vece = Min 


Vcc = Max, Vour =0V 


Power Supply Current Vec = Max 


Icc 
AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See aa 3 for waveforms and load configurations) 


I sur | 
PARAMETER CL =45 a UNITS CONDITIONS 


Propagation Delay | ; 
18 en en a 
j Figs. 3-3, 3-11, 3-12 
u m... Fe lee RL 6670 
£ ; Figs. 3-3, 3-11, 3-12 
un en am ET elle] AL z 667 N. eu = 5 pF 
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CONNECTION DIAGRAM 
PINOUT A 


54585/745251 
54LS/74L5251 


8-INPUT MULTIPLEXER 
(With 3-State Outputs) 


DESCRIPTION — The '251 is a high speed B-input digital multipiexer. It pro- 
aıdes, in one package, the ability to select one bit of data from up to eight 
sources. It can be used as universal function generator to generate any logic 
“unction of four variables. Both assertion and negation outputs are provided. 


LOGIC SYMBOL 


@ MULTIFUNCTIONAL CAPABILITY 
e ON-CHIP SELECT LOGIC DECODING 


® INVERTING AND NON-INVERTING 3-STATE OUTPUTS 3211514972 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE PKG 


Vcc = +5.0 V +5%, Vcc = +5.0 V +10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


Es 745251DC, 74LS251DC [545251DM, 54LS251DM | 
74S251FC, 74LS25IFC |54S251FM, 54LS251FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. defintions 


Vcc = Pin 16 
GND 4 Pin 8 


54/7415 (U.L.) 
HIGH/LOW 


5-8 Select Inputs 1.25/1.25 0.5/0.25 

JE 3-State Output Enable Inputs 1.25/1.25 0.5/0.25 
(Active LOW) 

c—-Iı Multiplexer Input 1.25/1.25 0.5/0.25 

zZ Multiplexer Output 162/12.5 65/5.0 

(50) (25)/(2.5) 

zZ Complementary Multiplexer Output 162/12.5 65/5.0 


(50) (25)/(2.5) 
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FUNCTIONAL DESCRIPTION — This device is alogical Implementation of asingle-pole, 8-position switch with 
the switch position controlled by the state ofthree Select inputs, So, Sı, Sa. Both assertion and negation outputs 
are provided. The Output Enableinput{OE) isactiveLOW. When itis activated, the logic function provided atthe 
output is: 


Z=0Er le She he itheSe hei +leieSıeSg+ieSoeSıe + 
keSeSı Ste SeSıeS2 tie SoeSıeS2+IireSoeSı . Sn) 


When the Output Enable is HIGH, both outputs are in the high impedance (high 2) state. This feature allows 
multiplexer expansion by tying the outputs of up to 128 devices together. When the outputs of the 9-state 
devices are tied together, all but one device must be in the high impedance state to avoid high currents that 
would exceed the maximum ratings. The Output Enable signals should be designed to ensure there is no 
overlap in the active LOW portion of the enable voltages. ! 


TRUTH TABLE 


INPUTS OUTPUTS 


> 5 8$ z 2z 


j 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = Hıgh Impedance 


[ac Cal) ul zul u ee a 
TE 8.7.0 7ER 
IIrtrtI Ir 
ET EM Lo ET x 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


[Min_Max [min Max | 


Output Short Circuit Current 
= Max; =4. 
SureN Outputs OFF 85 


54/745 54/74LS 
PARAMETER CL = 15pF|CıL = 15pFf| UNITS CONDITIONS 
RL = 280.1 


Propagation Delay 


Snto7 Figs. 3-1, 3-20 
n 


Propagation Delay $ 

- Figs. 3-1, 3-20 
Propagation Delay ; 

Into Figs. 3-1, 3-5 
Propagation Delay i -1.3- 
KRE 7 Figs. 3-1, 3-4 


Output Enable Time Figs. 3-3, 3-11, 3-12 


OEtoZorZ RL =2 kn (LS251) 


Figs. 3-3, 3-11, 3-12 
RL = 2 kN (LS251) 
Cı=5pF 


Output Disable Time 
OEtoZorZ 
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CONNECTION DIAGRAM 
PINOUT A 


545/745257 
54LS/74L5257 


QUAD 2-INPUT MULTIPLEXER 
(With 3-State Outputs) 


rn 


DESCRIPTION — The '257 isa quad 2-input multiplexer with 3-state outputs. 
Four bits of data from two sources can be selected using a Common Data 
Select input. The four outputs present the selected data in true (non-inverted) 
form. The outputs may be switched to a high impedance state with a HIGH 
on the common Output Enabte (OE) input, allowing the outputs to interface 
directly with bus oriented systems. It is fabricated with the Schottky barrier 
diode process for high speed. 


LOGIC SYMBOL 


® SCHOTTKY PROCESS FOR HIGH SPEED 

© MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER 

© NON-INVERTING 3-STATE OUTPUTS 

© INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 


152 3 5 6 14 13 11 10 


OE Ioa Ita Jon Ip Joc Iic Ioo Ira 


ORDERING ers See Section 9 
| COMMERCIAL GRADE | GRADE | MILITARY GRADE | GRADE 


Vcc = +5.0 V 45%, BE = +5.0 V +10%, 
Ta = 0°C to +70°C = -55°C to +125°C 


= 745257DC, 74LS257DC 1545257DM, 54L5257DM BE 
745257FC, 74LS257FC |54S257FM, 54LS257FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


54/74 (U.L.) 54/74L$ (U.L.) 
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW 


Ss Common Data Select Input 2.5/2.5 1.0/0.5 

OE 3-State Output Enable Input 1.25/1.25 0.5/0.25 
(Active LOW) . 

loa — Iod Data Inputs from Source O 1.25/1.25 0.5/0.25 

Iha— lid Data Inputs from Source 1 1.25/1.25 0.5/0.25 

Za — Zu Multiplexer Outputs 162/12.5 65/5.0 

(50) (25)/(2.5) 


TYPE 


Vcec = Pin 16 
Gnd = Pin 8 


Ceramic 
DIP (D) 


Flatpak 
(P 
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FUNCTIONAL DESCRIPTION — This device is a quad 2-input mulitplexer with 3-state outputs. It selects four 
hits of data from two sources under control of a Common Data Select input. When the Select inputisLOW, the 
iox inputs are selected and when Select is HIGH, the Iıx inputs are selected. The data on the selected inputs 
appears at the outputs in true (non-inverted) form. The device isthe logic implementation of a4-pole, 2-position 
switch where the position of the switch is determined by the logic levels supplied to the Select input. Thelogic 
equations for the outputs are shown below: 


Za=OEetIiaeS+la« 9 Zu =OEetineS+ip + 
Ze =0OEethceeS$S+loceS) Za = ODE ethgaeS+ log S) 


When the Output Enable input (OB) is HIGH, the outputs are forced to a high impedance OFF state. If the 
autputs are tied together, all but one device must bein the high impedance state to avoid high currents that 
would exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices 
«hose outputs are tied together are designed so there is no overlap. 


TRUTH TABLE 


SELECT DATA 
TPUT 
INPUT INPUTS SOLERTD 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immalensal 

{Z)= Hıgh impedance 


LOGIC DIAGRAM 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


PARAMETER ui] as UNITS CONDITIONS 


Bl HIGH Vcec = Max; S, I1ın =4.5V; 
Power Be ÖE, Iox = Gnd 
Current Kl LOW Vcc = Max; I =4.5 V; 
OE, lox, S = Gnd 
ni OFF Vce = Max; S, lox = Gnd 
OE, 11x =45V 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


PARAMETER CL =15pF]CL=15pF| UNITS CONDITIONS 
AL=280N 


Propagation Delay 75 18 E 
18 ae N 
Propagation Delay 15 21 E 
15 21 a ss Ki 
N Figs. 3-3, 3-11, 3-12 
Zah Ba ee RL =2 kn (LS257) 


Figs. 3-3, 3-11, 3-12 
Output Disable Time RL=2Kkn,CL =5pF 
U’LS25N) 
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CONNECTION DIAGRAM 
PINOUT A 


54LS/74L5257A 


QUAD 2-INPUT MULTIPLEXER 
(With 3-State Outputs) 


3ESCRIPTION — The '257A is the same as the '257, except that the output 
ırve capability is increased as indicated in the tables below. The ac test limits 
sre the same as the '257 but with the test load changed to 667 (\ and 45 pF, 
a2cept for the Output Disable Time tests, whose load is 667 N and 5 pF. For 
a: other information please refer to the '257 data sheet. 


LOGIC SYMBOL 


152 35694 13 11 10 


SRDERING CODE: See Section 9 


UT) uorcioire | TAn-ssecto ara] TYPE 
K 
free Jean Le 


:MPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


j DESCRIPTION 
3-State Outputs 


OE Ioa ha too Tip Ioc Tic Ioa Iıa 


Zeramic 
Z!P (D) Vec = Pin 16 


Gnd=Pin8 


7 atpak 


54/74LS (U.L.) 
HIGH/LOW 


65/15 
(29)/7.9) 


MAN NAMES 


Output Short Circuit Current 


mA Vcc = Max 


109 


CONNECTION DIAGRAM 
PINOUT A 


545/745258 
54LS/74L5258 


QUAD 2-INPUT MULTIPLEXER 
(With 3-State Outputs) 


DESCRIPTION — The '258 is a quad 2-input multiplexer with 3-state outputs. 
Four bits of data from two sources can be selected using a common data 
select input. The four outputs present the selected data in the complement 
(inverted) form. The outputs may beswitchedtoahighimpedance state with a 
HIGH on the common Output Enable(OE) Input, allowing the outputstointer- 
face directly with bus oriented systems. It is fabricated with the Schottky bar- 
rier diode process for high speed. 


LOGIC SYMBOL 


“® SCHOTTKY PROCESS FOR HIGH SPEED 
© MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER 
© INVERTING 3-STATE OUTPUTS 


152 35 6 14 13 11 10 


OE 10a Ira Tor In loc Ic don hu 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 
our Vcec = +5.0 V 35%, Vec = +5.0 V +10%, 


PKGS 
Ta = 0°C to +70°C Ta = -55°C to +125°C TYPE 4 7 22 9 
Plastic 
DIP (P) Vcc = Pin 16 
GND = Pin 


Ceramic 
DIP (D) 


Flatpak 
13] 


74S258DC, 74LS258DC |545258DM, 54LS258DM 5 


54/74LS (U.L.) 
HIGH/LOW 


1.0/0.5 


Common Data Select Input 2.5/2.5 


3-State Output Enable Input (Active LOW) 1.25/1.25 0.5/0.25 
Data Inputs from Source O 1.25/1.25 0.5/0.25 
Data Inputs from Source 1 1.25/1.25 0.5/0.25 
Inverting Data Outputs 162/12.5 65/15 


(50) (25)/(7.5) 
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CONNECTION DIAGRAM 
PINOUT A 


54LS/74L5259 
8-BIT ADDRESSABLE LATCH 


DESCRIPTION — The '259 is a high speed 8-bit addressable latch designed 
‘7 general purpose storage applications in digital systems. It is a multi- 
“.nctional device capable of storing single line data in eight addressable 
atches, and also a 1-0f-8 decoder and demultiplexer with active HIGH 
»stputs. The device also incorporates an active LOW common Clear for 
"setting all latches, as well as, an active LOW Enable. It is functionally 
aentical to the 9334 and 93134 8-bit addressable latch. 


« SERIAL-TO-PARALLEL CONVERSION 

» EIGHT BITS OF STORAGE WITH OUTPUT OF EACH BIT AVAILABLE 
« RANDOM (ADDRESSABLE) DATA ENTRY 

» ACTIVE HIGH DEMULTIPLEXING OR DECODING CAPABILITY 

« EASILY EXPANDABLE 

« COMMON CLEAR 

« FULLY TTL AND CMOS COMPATIBLE 


ADERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE 
our 


PKG 
Vcc = +5.0 V 35%, Vec = +5.0 V +10%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 
74LS259DC 54LS259DM Ey 
1] 74LS259FC 54LS259FM 


BPPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


-atpak 


54/74LS (U.L.) 
HIGH/LOW 


x Address Inputs 0.5/0.25 
Z Data Input 0.5/0.25 
B Enable Input (Active LOW) 1.0/0.5 
u Conditional Clear Input (Active LOW) 0.5/0.25 
x-Q Latch Outputs 10/5.0 

(2.5) 


LOGIC SYMBOL 


00 Q: Q: Q31 Q& Qs Qs Qr Vcc = Pin 16 


GND = Pin 8 


1545868 79 10 1122 
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FUNCTIONAL DESCRIPTION — The '259 has four modes of operation as shown in the Mode Selection Table. 
In the addressable latch mode, data on the Data line (D) is written into theaddressed latch. The addressed latch 
will follow the data input with all non-addressedlatches remaining in their previous states. inthermemory mode, 
all latches remain in their previous state and are unaffected by the Data or Address inputs. 


In the one-of-eight decoding or demultiplexing mode, the addressed output will follow the state ofthe D input 
with all other outputs intheLOW state. Inthe clear mode all outputsareLOW and unaffected by the address and 
data inputs. When operatingthe '259 as an addressable latch, changing morethan one bit ofthe address could 
impose a transient wrong address. Therefore, this should only be done while in tne memory mode. The Truth 
Table below summarizes the operations of the '259. 


MODE SELECT TABLE 


Addressable Latch 


Memory 
Active HIGH 8-Channel Demultiplexer 
Clear 


TRUTH TABLE 


Clear 
Demultiplex 


Addressable 
Latch 


Qı-ı = Previous Output State 
H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Z = High Impedance 
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LOGIC DIAGRAM 


E [) "o Pr v a 


CONDITIONS 


PARAMETER — 7ata UNITS 


&C CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations} 


54/74LS 
PARAMETER . CL = 15 nn 8 UNITS 


Are De E 2 = BEA 
f 30 

Propagation Delay, D to On 20 

FISpadaHion Be & % ii Be 


Propagation Delay, CL to On en | 


PARAMETER — UNITS 


ea ar er 
PHota Te mioh. nie | om] 
Setup Tme om, | m m | 
(Hoia Tme Lowe | oo m} 
(Sons Tme MOHorLOM.AmwE| 0 | 


CONDITIONS 


Figs. 3-1, 3-9 


Figs. 3-1, 3-5 


Figs. 3-1, 3-20 


Figs. 3-1, 3-16 


CONDITIONS 


Fig. 3-13 


Fig. 3-21 


CONNECTION DIAGRAM 
PINOUT A 


54/74283 
54LS/74LS283 


4-BIT BINARY FULL ADDER 
(With Fast Carry) 


DESCRIPTION — The '283 high speed 4-bit binary full adders with internal 
carry Iookahead accept two 4-bit binary words (Ao — Aa, Bo — Ba) anda Carry 
input (Co). They generate the binary Sum outputs (So— S3) and the Carry 
output (Ca) from the most significant bit. They operate with either active HIGH 
or active LOW operands (positive or negative logic). 


ORDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vcc = +5.0 V 35%, Vcec = +5.0 V 310%, TYPE 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


742830C, 74LS283DC |54283DM, 54LS283DM Eu 
74283FC, 74LS283FC 54283FM, 54LS283FM 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


Plastic 
DIP (P) 


Ceramic 
DIP (D) 


Flatpak 
(P) 


54/74L$ (U.L.) 
HIGH/LOW 


A Operand Inputs 


B Operand Inputs 1.0/0.5 
Carry Input 0.5/0.25 
Sum Qutputs 10/5.0 

(2.5) 


Carry Output 


LOGIC SYMBOL 


5 6 3 2 14 15 12 11 


Ao Bo Aı Bı Az B2 Ay B; 
Ca 9 


Vec = Pin 16 
GND = Pin 8 
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FUNCTIONAL DESCRIPTION — The '283 adds two 4-bit binary words (A plus B) plus the incoming carry Co. 
The binary sum appears on the Sum (So — S3) and outgoing carry (Ca) outputs. The binary weight ofthevarious 
inputs and outputs is indicated by the subscript numbers, representing powers of two. 


2° (Ao + Bo + Co) + 21 (Aı + Bi) + 22 (A2 + Ba) + 23 (Aa + Ba) = So + 251 + 482 + 8S3 + 16Ca 
Where (+) = plus 


Interchanging inputs of equal weight does not affectthe operation. Thus Co, Ao, Bocan bearbitrarily assignedto 
pins 5, 6 and 7. Due to the symmetry of the binary add function, the '283 can be used either with all inputs and 
outputs active HIGH (positive logic) or with all inputs and outputs active LOW (negative logic). Note that if Cois 
not used it must be tied LOW for active HIGH logic or tied HIGH for active LOW logic. 


Example: 


EIER SCH SEES 
msn ef ne nf nlon en 


Active HIGH 
Active LOW h 
Active HIGH: 0+ 10 +9=3+ 16 Active LOW: 1+5+6=12+0 


Due to pin limitations, the intermediate carries of the '283 are not brought out for use as inputs or outputs. 
However, other means can be used to effectively insert a carry into, or bring a carry out from, an intermediate 
stage. Figure a shows a way of making a 3-bit adder. Tying the operand inputs of the fourth adder (Aa, Ba) LOW 
makes Sa dependent only on, and equal to, the carry from the third adder. Using somewhat the same principle, 
Figure b shows a way of dividing the '283 into a 2-bitanda 1-bit adder. The third stage adder (A2, Ba, S2) is used 
merely as a means of getting a carry (Cıo) signal into the fourth stage (via A2 and Ba) and bringing out the carry 
“rom the second stage on S2. Note that as long as A2 and B2 are thesame, whether HIGH or LOW, they do not 
ntluence Sa. Similarly, when Aa and Ba are the same the carry into the third stage does not influence the carry 
out ofthethird stage. Figure c shows a method of implementing a5-inputencoder, wheretheinputs are equally 
«eighted. The outputs So, Sı and S2 present a binary number equal to the number of inputs Iı — Isthataretrue. 
Eigure d shows one method of implementing a5-input majority gate. When three or more oftheinputsiı — Isare 
sue, the output Ms is true. 


Ao Bo Aı Bı A2 B2 As Ba Ao Bo Aı Bı 


© 


Co 


Flg. a 3-Bit Adder Fig. b 2-Bit and 1-Bit Adders 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER UNITS CONDITIONS 


z 


Output Short Circuit tt - 20 -55 | -20 -100 TER 
os Current at Sn -18  -55 | -20 -100 567 MAX 


Output Short Circuit => -20  -70 | -20 | 


Current at Ca -18 -70 | -20 | vos =Max 


99 39 Ve: Max; 
Inputs = Gnd ('LS283) 
cc Power Supply u 110 39 Inputs = 4.5 V (289) 
Vcec = Max 
HR ob Inpuls = 45 v 1520 


AC CHARACTERISTICS: Voc = 5.0 V, Ta = 25°C (See Section 3 for waveforms and load configurations) 


PARAMETER =15pFICıL =15pF| UNITS 
en = 400 TE 


Propagation Delay Co 

Co to Sn 21 
Propagation Delay 

An Or Bn to Sn 

Propagation Delay 14 17 
Co to Ca 16 17 
Propagation Delay 14 17 
An Or Bn to Ca 16 17 


SYMBOL CONDITIONS 


Figs. 3-1, 3-20 


Figs. 3-1, 3-20 


Figs. 3-1, 39-5 

RL = 780 N ('283) 
Figs. 3-1, 3-5 
AL = 780N (283 
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CONNECTION DIAGRAM 
PINOUT A 


54LS/74LS367A 


HEX 3-STATE BUFFER 
(With Separate 2-Bit and 4-Bit Sections) 


ORDERING CODE: See Section 9 


PIN COMMERCIAL GRADE MILITARY GRADE PKG 


Vcc = +5.0 V +#5%, Vcc = +5.0 V +10% 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


TRUTH TABLE 


OUTPUT 
ED 


OUT 


Plastic 
DIP (P) 


Ceramic 
DIP (D) 


Flatpak 
12) 


L L L 
L|IH H 
HI X y4 


H = HIGH Voltage Level 
L = LOW Voltage Level 
x = Immaterial 

Z = Hıgh Impedance 


0.5/0.25 
25/15 
17.9) 


Inputs 
Outputs 


DC AND AC CHARACTERISTICS: See Section 3° 


SYMBOL CONDITIONS 


Vcc = Max, Vn=0V,VE=4.5V 
Figs. 3-1, 3-4 

CL =50pF 
Figs. 3-3, 3-11, 3-12 
Ru = 667 N, CL =50 pf 


Figs. 3-3, 3-11, 9-12 
Ru = 667 N,Cı =5 pF 


PARAMETER SUTALS UNITS 


Power Supply Current 


en ze Bere 
urn el I] 
Ser : aeaen 


"DC hımıts apply Over operating temperature range: AC limils apply al Ta = +25°C and Vcc = +5.0V 
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CONNECTION DIAGRAM 


PINOUT A 


54LS/74LS373 


OCTAL TRANSPARENT LATCH 
(With 3-State Outputs) 


DESCRIPTION — The '373 consists of eight latches with 3-state outputs for 
sus organized system applications. The flip-flops appear transparent to the 
sata when Latch Enable (LE) is HIGH. When LE is LOW, the data that meets 
Te setup times is latched. Data appears on the bus when the Output Enable 
O5 isLOW. When ÖE is HIGH the bus output is in the highimpedance state. 


LOGIC SYMBOL 


© EIGHT LATCHES IN A SINGLE PACKAGE ne 


© 3-STATE OUTPUTS FOR BUS INTERFACING 


Do Dı D2 D3 Da Ds De Dr 


SMRDERING CODE: See Section 9 


COMMERCIAL GRADE MILITARY GRADE 


Vec = +5.0 V 35%, Vec = +5.0 V +10%, 
Ta = 0°C to +70°C Ta = -55°C to +125°C 


74LS373DC 54LS373DM = 
5 74LS373FC 541L$373FM 


MEPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


DESCRIPTION 


O0 0ı O2 O3 04 


TYPE 15 16 19 


Zeramic Vec = Pin 20 
GND = Pin 10 


PD) 


54/74L$ (U.L.) 
HIGH/LOW 


mu NAMES 


Data Inputs 0.5/0.25 

„E Latch Enable Input (Active HIGH) 0.5/0.25 
e3 Output Enable Input (Active LOW) 0.5/0.25 
x:-0 3-State Latch Outputs 65/15 
(25)/(7.5) 


119 


FUNCTIONAL DESCRIPTION — The '373 contains eight D-type latches with 3-state output buffers. When the : 
Latch Enable (LE input is HIGH, data on the Dn inputs enters the latches. In this condition the latches are } 
transparent, i.e., a latch output will change state each time its D input changes. When LE is LOW the latches 
store the information that was present on the D inputs a setup time preceding the HIGH-to-LOW transition af 
LE. The 3-state buffers are controlled by the Output Enabie (e]3) input. When ÖE is LOW, the buffers are inthe ! 
bi-state mode. When OE is HIGH the buffers are in the high impedance mode but this does not interfere witt. 

entering new data into the latches. 


LOGIC DIAGRAM 
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9C CHARACTERISTICS OVER OPERATING una] RANGE (unless otherwise specified) 


PARAMETER ee za UNITS 
urrent 


CONDITIONS 


Vcec = Max, ÖE=4.5V 
Dn, LE = Gnd 


4C CHARACTERISTICS: Vcc = +5.0 V, Ta = ai (See Section 3 for waveforms and load configurations) 


— 
PARAMETER CL =50 a UNITS 


Propagation Delay 

Dn to On 

Propagation Delay 

LE to On 

ee a Keen 
N Ei RE] 


PARAMETER | seras | unıTs 


Setup Time HIGH or LOW 
Dn toLlE 


Hold Time HIGH or LOW 10 
Dn toLE 10 


CONDITIONS 


Figs. 3-1, 3-5 


Figs. 3-1, 3-8 


Figs. 3-3, 9-11, 3-12 
AL = 6670 


Figs. 3-3, 3-11, 3-12 
RL = 6670, CL =5.0pF 


CONDITIONS 


121 


Gates 


54F/74F00 54F/74F02 54F/74F04 
Quad 2-Input Quad 2-Input Hex Inverter 
NAND Gate NOR Gate 


54F/74F08 54F/74F10 54F/74F11 
Quad 2-Input Triple 3-Input Triple 3-Input 
AND Gate NAND Gate AND Gate 
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Gates 


54F/74F20 5AF/74F32 54F/74F64 
Dual 4-Input Quad 2-Input AND OR-Invert 
NAND Gate OR Gate Gate 


Flip-Flop: 
[a rn Senn Duuaw 14 22 mie aa en nn ee ne ee Ua Zee na Se en eg] 


Dual D-Type Positive 54F/74F74 
Edge-Triggered 
Flip-Flop 


Description — The 'F74 is a dual D-type flip-flop with Logic Symbol 
Direct Clear and Set inputs and complementary (Q, 
Qı outputs. Information at the input is transferred to 
the outputs on the positive edge of the clock pulse. 
Clock triggering occurs at a voltage level of the 
clock pulse and is not directly related to the 
transition time of the positive-going pulse. The D 
input can change when the clock is in either state 
without affecting the flip-flop, provided that the D 
signal is in the desired state during the recom- 
mended setup and hold times relative to the rising 
edge of the clock. ALOW signal on So or Co 
prevents clocking and forces Q or Q HIGH, _ 
respectively. Simultaneous LOW signals on Co and 
Sp force both Q and Q HIGH. 


Vcc = Pin 14 
Buttered Outputs GND = Pin? 
Fully Edge-Triggered 
Overriding Direct Set and Clear 
Clock Frequency 145 MHz Typ 
Propagation Delay 4.8. ns Typ 
Supply Current 10.5 mA Typ 


Dual JK Positive 54F/74F109 
Edge-Triggered 
Flip-Flop 


Description — The 'F109 contains two independent, Logic Symbol 
high speed JK flip-flops with Direct Set and Clear 
inputs. Synchronous state changes are initiated by 
the rising edge of the clock. Triggering occurs at a 
voltage level of the clock and is not directly related 
to the transition time. The J and K inputs can 
change when the clock is in either state without 
affecting the flip-flop, provided that they are in the 
desired state during the recommended setup and 
hold times relative to the rising edge of the clock. A 
LOW signal on So or Co prevents clocking and 
forces Q or Q HIGH, respectively. Simultaneous 


LOW signals on Sp and Co force both Q and Ö Vec = Pin 16 
HIGH. A D input is available by tying J and K GND = Pin 8 
together. 


Buffered Outputs 

Fully Edge-Triggered 
Overriding Direct Set and Clear 
Clock Frequency 140 MHz Typ 
Propagation Delay 4.8 ns Typ 
Supply Current 11.7 mA Typ 


{5 = Sn m Tr Te Te 
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Flip-Flops 
Quad D Flip-Flop 


Description — The 'F175 contains four high speed, 
»25e-triggered D flip-flops with common Clock and 
#zster Reset inputs, and individual D inputs and Q 
=== Q outputs. Information on the D inputs is 
=:ered by the rising edge of the clock, provided 
=z2 the recommended setup and hold times are 
'zserved. A LOW signal on MR forces all Q outputs 
„2 and Q outputs HIGH, independent of Clock or 
2.223 Inputs. 


"se and Complement Outputs 
=ay Edge-Triggered 
sunchronous Common Reset 
Zock Frequency 150 MHz Typ 
=9sgatlon Delay 6.3 ns Typ 
zaapty Current 21 mA Typ 


Octal D-Type 
-iip-Flop 


» = F-State Outputs) 


Zascription — The 'F374 contains eight edge-trig- 
2 *ip-flops with buffered 3-state outputs for bus 
- =ad applications. Information on the D inputs is 
“ar=d on the rising edge of the common Clock 
z.7 arovided that tne recommended setup and 
2" mes are observed. A HIGH signal on the 
-:n Output Enable forces the outputs to the 
2 =pedance state but does not affect the state of 
- * z-flops or subsequent data entry. 


Atered 3-State Outputs 
"ge Inputs 

-#e Edge-Triggered 

Zac Frequency 110 MHz Typ 
“augation Delay 9.5 ns Typ 
way Current 52 mA Typ 


54F/74F175 


Logic Symbol 


326 7 111014 15 


Vcec = Pin 16 
GND = Pın 8 


54F/74F374 


Logic Symbol 


34 7 8 13 14 17 18 


Do Dı D2 D3 D4 D5 D5 Dr 


O0 O1 O2 01 04 O5 06 O7 


256 9 121516 99 


Vec = Pin 20 
GND = Pin 10 


Flip-Flops 


Quad Parallel Register 


{With Enable) 


54F/74F379 


Description — The 'F379 storage register contains 
four edge-triggered flip-flops with individual D 


inputs and Q and Q outputs and with common Clock 


and input Enable inputs. Information present on the 
D inputs is entered on the rising edge of the clock, 
provided that E is LOW and the recommended setup 
and hold times are observed. When the E input is 
HIGH, the register retains the present data inde- 
pendent of the clock and D inputs. 


Buffered Input Enable 
Buffered Common Clock 

Fully Edge-Triggered 

Clock Frequency 150 MHz Typ 
Propagation Delay 6.3 ns Typ 
Supply Current 27 mA Typ 


Logic Symbol 


32 6 7 11010 14 15 


Vcc - Pın 16 
GND = Pın 8 


Octal D-Type 
Flip-Flop 


(With 3-State Outputs 


54F/74F534 


Description — The 'F534 contains eight edge-trig- 
gered flip-flops with individual D inputs and Q 
outputs, and with common Clock and 3-state Output 
Enable inputs. Information on the D inputs is 
entered on the rising edge of the clock, provided 
that the recommended setup and hold times are 
observed. A HIGH signal on OE forces the outputs 
to the high impedance state but does not affect the 
state of the flip-flops or subsequent data entry. The 
'F534 is the same as the 'F374 but with inverted 
outputs. " 


Inverted 3-State Outputs 
D-Type Inputs 

Fully Edge-Triggered 

Clock Frequency 110 MHz Typ 
Propagation Delay 9.5 ns Typ 
Supply Current 52 mA Typ 


Logic Symbol 


34 7 8 13 14 17 18 


Do Dı D2 Da D« D5 D6 Dr 


2 56 9 12 15 16 19 


Vcc = Pin 20 
GND = Pın 10 


Latches 


Octal TransparentLatch 


«ith 3-State Qutputs) 


Description — The 'F373 contains eight D-type latches 
wh 3-state outputs for bus organized applications. 
“en the common Latch Enable input is HIGH the 
z-hes are transparent, i.e. an output will change 
sate each time its D input changes. When LE is 
„ZW, the data that meets the recommended setup 
=-c hold times is latched. A HIGH signal on the 
mon Output Enable input forces the outputs to 
”e Sigh impedance state but does not affect the 
same of the latches or subsequent data entry. 


Auftered 3-State Outputs 
2-Type Inputs 

"zmsparent Latches 
»ugsgatlon Delay 6.0 ns Typ 
muzaty Current 46 mA Typ 


-ctal TransparentLatch 


ı = 5-State Outputs) 


suwion — The 'F533 contains eight D-type latches 
“= erted 3-state outputs for bus organized 
vo zerons. When the common Latch Enable input 
- >> he latches are transparent, i.e. an output 
=arge state each time its D input changes. 
"er _Zıs LOW, the data that meets the recom- 
ne setup and hold times is latched. A HIGH 
a ir the common Output Enable input forces 
„zus to the high impedance state but does 
"er: the state of the latches or subsequent data 
u "a 'F533 is the same as the 'F373 except that 
x» 2 .muts are inverted. 


ua }-State Outputs 

m mputs 
urent Laiches 
zgstkon Delay 8.0 ns Typ 
me rent 46 mA Typ 
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54F/74F373 


Logic Symbol 


34 781 


14 17 18 


Do Dı D2 Da Da Ds O6 Dr 


11 


O0 0: O2 O3 O4 Os O6 Or 


9 12 15 16 19 


Vce = Pın 20 
GND = Pın 10 


54F/74F533 


Logic Symbol 


34 Tr 8 13 14 17 9 


Do Dı D2 D3 Du Ds De Dr 


© O0ı O2 03 04 Os O6 O7 


25 6 9 12 15 10 19 


Vcc = Pin 20 
GND = Pın 10 


Multiplexers 


8-Input Multiplexer 


54F/74F151 


Description — The 'F151 is a high speed 8-input 
digital multiplexer with complementary outputs. It 
can select one line of data from up to eight sources. 
Signals on the Select inputs So — S2 determine 
which of the inputs is routed to the output. A LOW 
signal on the Enable input E allows the Z output to 
tollow the selected input. A HIGH on E forces the Z 
output LOW and Z HIGH. 


Complementary Outputs 
Propagation Delay 6.3 and 8.1 ns Typ 
Supply Current 11 mA Typ 


Logic Symbol 


743 2 115 141319 


2 bb la I I Ir 


Vcc = Pın 16 
GND - Pın 8 


Dual 4-Input 
Multiplexer 


54F/74F153 


Description — The 'F153 contains two 4-input multi- 
plexers with common Select inputs and separate 
Enable inputs. Signals applied to the Select inputs 
determine, within each section, which of the four 
data inputs is routed to the output. A LOW signal on 
an Enable input allows the output to follow the 
selected input. A HIGH signal on an Enable forces 
the output LOW. 


Separate Enable Inputs 
Common Select Inputs 
Propagation Delay 7.9 ns Typ 
Supply Current 12 mA Typ 


Logic Symbol 


1685 4 3 10 11 12 13 15 


Es 10a Ita 12a 13a fon In 126 Iso Eb 
So 


Vcc = Pın 16 
GND : Pın8 
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Multiplexers 
ie 


Itiplexers 


Duad 2-Input 
ultiplexer 


riptlon — The 'F157 contains four 2-input multi- 
pers with common Select and Enable inputs. It 

fen select four bits of data from either of two 

rces. A LOW signal on the Enable input allows 

is selected data to be routed to the output. A HIGH 

ignal on the Enable forces the outputs LOW. 


mon Select Input 
mon Enable Input 


gation Delay 7.9 ns Typ 
piy Current 15 mA Typ 


uad 2-Input 
BeMultiplexer 


eriptlon — The 'F158 contains four 2-input multi- 
ers with common Select and Enable inputs and 
inverting outputs. It selects four bits of data 
either of two sources. A LOW signal on the 

ble input allows the selected data to be routed to 
outputs. A HIGH signal on the Enable forces the 
puts HIGH. 


ing Outputs 

pn Select Input 

on Enable Input 

gation Delay 6.3 ns Typ 
Current 10 mA Typ 
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54F/74F157 


Logic Symbol 


152 3 5 6 14 13 11 10 


E 10a Ita loo In loc Nic Ioa Mia 


Vcc = Pın 16 
GND = Pin8 


54F/74F158 


Logic Symbol 


152 3 5 6 14 13 11 10 


Ioa Ita Ion Ind loc Nic loc fıd 


Vcc = Pin 16 
GND = Pin8 


Multiplexer: 


8-Input Multiplexer 54F/74F251 


{With 3-State Outputs) 


Description — The 'F251 is a high speed B-input Logic Symbol 
multiplexer with complementary 3-state outputs. It 
provides the capability of selecting one line of data 743201015 14 13 12 


from up to eight sources, as determined by signals 
applied to the Select inputs So — S2. A LOW signal 
on the Output Enable input OE allows the Z output kb ieh 
to follow the selected input. A HIGH signal on ÖE 
torces both outputs to the high impedance state. 


Complementary 3-State Outputs 
Propagation Delay 2.9 or 4.7 ns Typ 
Supply Current 10.5 mA Typ 


Vcc = Pin 16 
GND = Pin 8 


Dual 4-Input 54F/74F253 
Multiplexer 


(With 3-State Outputs) 


Description — The 'F253 contains two 4-input multi- Logic Symbol 
plexers with common Select inputs, separate Output 
Enable (OE) and 3-state outputs. Signals applied to 165 4 310 1112 13 15 


the Select inputs determine, in each section, which 
of the four data inputs is routed to the output. A 
LOW signal on ÖE allows the output to follow the 
selected input. A HIGH on OE forces the output to 
the high impedance state. Outputs are thus capable 
of interfacing directly with bus oriented systems. 


3-State Outputs 

Common Select Inputs 
Separate Enable Inputs 
Propagatlon Delay 4.5 ns Typ Vec = Pın 16 
Supply Current 12.5 mA Typ GND = Pın 8 
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Multiplexers 


Quad 2-Input 
Multiplexer 


With 3-State Outputs' 


54F/74F257 


Description — The 'F257 is a quad 2-input multiplexer 
with 3-state outputs. Four bits of data two sources 
an be selected using a Commen Data Select input. 
"ne four outputs present the selected data in true 
non-inverted) form. The outputs may be switched to 
a high impedance state with a HIGH on the common 
Yutput Enable (OE) input; therefore, the outputs can 
nterface directly with bus oriented systems. 


$State Outputs 

Common Select Input 
Common Enable Input 
Propagation Delay 4.5 ns Typ 
Supply Current 14.6 mA Typ 


Logic Symbol 


15 2 3 5 6 14 13 11 10 


OE Ioa Ira ton Aid Ioc Fic Ion Id 


Vec = Pin 16 
GND = Pin6 


Quad 2-Input 
Multiplexer 


Wıth 3-State Outputs) 


54F/74F258 


Sescription — The 'F258 is a quad 2-input multiplexer 
eth 3-state outputs. Four bits of data from two 
xsurces can be selected using a common data select 
"out. The four outputs present the selected data in 
=e complement (inverted) form. The outputs may be 
santched to a high impedance state with a HIGH on 
re common Output Enable (OE) input; therefore, 
"e outputs can interface directly with bus oriented 
sstems. The 'F258 is the same as the 'F257 except 
"at the outputs are inverted. 


wwerting 3-State Outputs 
Zemmon Select Input 
Zammon Enable Input 
Bnpagation Delay 2 9 ns Typ 
Zuppiy Current 14 mA Typ 
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Logic Symbol 


138 2 3 S 6 14 13 11 10 


loa Ita op Id Ic ic dad Iia 


Vce = Pın 16 
GND = Pın 8 


Multiplexers 


Dual 4-Input 54F/74F352 
Multiplexer 


Description — The 'F352 contains two inverting Logie Symbol 
4-input multiplexers with common Select inputs and 
separate Enable inputs. Signals applied to the Select 16 54 31011 12 13 15 


inputs determine, within each section, which of the 
tour data inputs is routed to the output. A HIGH 
signal on an Enable input forces the related output 
HIGH. The 'F352 is the functional equivalent of the 
'F153 with inverted outputs. 


Inverting Outputs 

Common Select Inputs 
Separate Enable Inputs 
Propagatlon Delay 6.3 ns Typ 


Supply Current 8.0 mA Typ Vec = Pın 16 
GND - Pın 8 


Dual 4-Input 54F/74F353 
Multiplexer 


(With 3-State Outputs) 


Description —The 'F353 is a dual 4-input multiplexer Logle Symbol 
with inverting 3-state outputs. It selects two bits of 
data from any four of sources using common Select 1685 4 3 10 11 12 13 15 


inputs. An output can be switched to the high 
.impedance state by a HIGH signal on the respective 
Output Enable input. Outputs are thus capable of 
interfacing directly with bus oriented systems. The 
’F353 is the functional equivalent of the 'F253 with 
inverted outputs. 


Inverling 3-State Outputs 
Common Select Inputs 
Separate Enable Inputs 
Propagation Delay 6.3 ne Typ Vcc = Pın 16 
Supply Current 13.5 mA Typ GND = Pin 8 
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Decoders /Demultiplexers 


1-0f-10 Decoder 


«ith 3-State Outputs) 


54F/74F537 


9escription — The 'F5937 is a one-of-ten decoder/de- 
"witiplexer with four active-HIGH BCD inputs and 
‘en mutually exclusive outputs. A polarity control 
=put determines whether the outputs are active- 
-OW or active-HIGH. The 'F537 has 3-state outputs, 
and a HIGH signal on the Output Enable (OE) input 
nrces all outputs to the high impedance state. Two 
-out enables, active-HIGH Ea and active-LOW Eı, 
ze available for demultiplexing data to the selected 
zutput in either non-inverted or inverted form. Input 
:odes greater than BCD nine cause all outputs to go 
the inactive state (i.e., same polarity as the 
input). 


Iutput Polarlty Control 
Somplementary Input Enables 
State Outputs 

gnores Input Codes Above Nine 
Address Delay 12 ns Typ 

Enable Delay 11 ns Typ 

Sapply Current 44 ns Typ 


Logic Symbol 


4 6 7 16 17 


Oo O1 O2 03 04 Os O6 O7 Os Os 


3 211918 8 9 17 12 13 


Vcc = Pin 20 
GND = Pın 10 


1-of-8 Decoder 


#1h 3-State Outputs) 


54F/74F538 


Zescriptlon — The 'F538 decoder/demultiplexer 
sczepts three Address (Ao — A2) input signals and 
zcodes them to select one of eight mutually 
=eztusive outputs. A polarity control input (P) 
zrermines whether the outputs are active-LOW or 
= ve-HIGH. A HIGH signal on either of the active- 
.2'4 Output Enable (ÖE| inputs forces all outputs to 
me high impedance state. Two active-HIGH and two 
ar we-LOW input enables are available for easy 
«ızansion to 1-0f-32 decoding with four packages, 
= *» data demultiplexing to one of eight or one of 
= 3estinations. 


zutput Polarlty Control 

Ita Demultiplexing Capabllity 
@siiple Enabies for Expansion 
»Siste Outputs 

astress Delay 12 ns Typ 
=sbhe Delay 11.ns Typ 

muupiy Current 38 mA Typ 


Logic Symbol 


12 67 ı7 


OE2 
O0 O1 O2 O3 04 Os O6 Or 


32 1 19108 9 11 


Vcc = Pin 20 
GND = Pin 10 


Dual 1-of-4 Decoder 


(With 3-State Outputs) 


Description — The 'F539 contains two independent 
decoders. Each accepts two Address (Ao, Aı ) input 
signals and decodes them to select one of four 
mutually exclusive outputs. A polarity control input 
(Pı determines whether the outputs are active-HIGH 
(P =L} or active-LOW (P = Hı. An active-LOW input 
Enabte (E) is available for data demultiplexing; data 
is routed to the selected output in non-inverted form 
in the active-LOW mode or in inverted form in the 
active-HIGH mode. A HIGH signal on the active- 
LOW Output Enable (OE input forces the 3-state 
outputs to the high impedance state. 


Two Functlonally Independent Decoders 
Output Polarity Control 

Input Enable for Demulliplexing 

3-State Outputs 

Address Delay 12 ns Typ 

Enable Delay 11 ns Typ 

Supply Current 42 mA Typ 
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Decoders /Demultiplexers 


54F/74F539 


Logie Symbol 


1367 4 1718 


P Ao Aı P Ao Aı 


DECODER a DECODER b 


O0 Oı O2 O3 © 01 O2 O3 


122119 8 32 11 


Vcc = Pın 20 
GNDO = Pin 10 


Registers 


4-Bit Bidirectional 
Universal Shift Register 


9escription — The 'F194 is a high speed 4-bit 
»directional shift register. Signals applied to the 
Select (So, Sı) inputs determine the mode of 
:oeration — shift left, shift right, parallel entry or 
»old. Except for the reset function, the 'F194 is fully 
ssnchronous and State changes are initiated by the 
"sıng edge of the clock. The flip-flops are edge- 
ggered and the inputs can change when the clock 
s ın either state, provided that the recommended 
setup and hold times, with respect to the clock rising 
ge, are observed. A LOW signal on the Master 
zeset (MR) input overrides clocked operations and 
<rces the outputs LOW. The circuit is useful for 
»rnal-in, serial/parallel-out or parallel-in, serial/par- 
a’et-out applications. 


Zerial and Parallel Entry Ports 
Syechronous Serlal and Parallel Operation 
My Edge-Triggered 

saynchronous Master Reset 

zu Frequency 100 MHz Typ 


3-Input Universal 
Shift/Storage Register 


vw Common Parallel I/O Pins) 


zascription — The 'F299 is an 8-bit register with 
-_:tolexed 3-state /O ports for bus oriented 
#ztel operations and with separate serial inputs 
r= utputs for expansion. Signals applied to the 
„ect 'So, Sı) inputs determine the mode of 
zerstion — shift left, shift right, parallel entry or 
2 State changes are initiated by the rising edge 
- me clock. Inputs can change when the clock is in 
er state, provided that the recommended setup 
‚2 »old times are observed, relative to the clock 
rg edge. An active-LOW Master Reset input 
=edes clocked operations and clears the register. 
«53H signal on either Output Enable (OE) input 
—»s the I/O pins to the high impedance state but 
zes not interfere with other operations. 


auithexed Parallel 1/O Ports 
sserste Serlal Inputs and Outputs 
zemdable Bidirectional Shifting 
-zzme Outputs for Bus Applications 
ut Frequency 80 MHz Typ 
=engstion Delay 9.0 ns Typ 

semy Current 68 mA Typ 
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54F/74F194 


Propagation Delay 7.0. ns Typ 
Supply Current 26 mA Typ 


Logic Symbol 


2348567 


Dsa Po Pı P2 P3Dsı 
s 


Sı 


cp 
MR Qo Qı Q2 Qs 
115 1413 22 


Vcc = Pın 16 
GND = Pin 


54F/74F299 


Logic Symbol 


Vcc = Pin 20 
GND = Pin 10 


8-Bit Serial/Parallel 
Register 


(With Sign Extend) 


Description — The 'F322 is an B-bit shift register with 
provision for either serial or parallel loading and with 
3-state parallel outputs plus a bi-state serial output. 
Parallel data inputs and parallel outputs are 
multiplexed to minimize pin count. State changes 
are initiated by the rising edge of the clock. Four 
synchronous modes of operation are possible: hold 
(store), shift right with serial entry, shift right with 
signal extend, and parallel load. An asynchronous 
Master Reset (MRı input overrides clocked operation 
and clears the register. A HIGH signal on the Output 
Enable (OE) input forces the I/O pins to the high 
impedance state but does not interfere with other 
operations. The 'F322 operates with the 'LS384 
Multiplier and provides the sign extend function for 
twos complement arithmelic. 


Multiplexed Parallel I/O Ports 
Separate Serlal Input and Output 
Sign Extend Function 

3-State Oulputs for Bus Applications 
Shift Frequency 80 MHz Typ 
Propagation Delay 9.0 ns Typ 
Supply Current 70 mA Typ 


8-Bit Universal 
Shift/Storage 
Register 


(With Synchronous Reset and Common I/O Pins) 


Description — The 'F323 is an B-bit universal shift/reg- 
ister with 3-state outputs. Its function is similar to 
the 'F299 with the exception of Synchronous Reset. 
Parallel load inputs and flip-flop outputs are 
multiplexed to minimize pin counl. Separate inputs 
and outputs are provided for flip-flops Qo and Or to 
allow easy cascading. Four operation modes are 
possible: hold (store), shift left, shift right and 
parallel load. The flip-flops are edge-triggered and 
state changes are initiated by the rising edge of the 
clock. 


Multiplexed Parallel I/O Ports 
Separate Serlal Inputs and Outputs 
Expandabte Bidirectional Shifting 
3-State Oulputs for Bus Applications 
Shift Frequency 80 MHz Typ 
Propagation Delay 9.0. ns Typ 
Supply Current 66 mA Typ 


Register: 
Tr ee nn ee rn seen 


54F/74F322 


Logic Symbol 


19 3 17 


SE 
cP 


OE 
MR 1/07 1/06 Os 1/04 VO3 1/02 1/01 1/00 Qo 


9 4 165 156 14 7 13 12 


Vcc = Pın 20 
GND = Pin 10 


54F/74F323 


Logic Symbol 


0 1/00 O1 402 O3 1/04 VOs WO6 WO7 


Vcc = Pın 20 
GND = Pin 10 


Registers 


Quad 2-Port Register 


Description — The 'F398 is the logical equivalent of a 
yuad 2-input multiplexer feeding into four edge- 
riggered flip-flops. A common Select input deter- 
nines which of the two 4-bit words is accepted. The 
selected data enters the flip-flops on the rising edge 
at the clock. Both the true and complement outputs 
st the flip-flops are available. 


Select Inputs from Two Sources 
Fully Edge-Triggered 

True and Complement Outputs 
Propagation Delay 6.3 ns Typ 
Stock Frequency 150 MHz Typ 
Supply Current 21 mA Typ 


54F/74F398 


Logic Symbol 


45 76 14 15 17 16 


foa Ira Jov Ihn loc Ic loc hia 


11 


2 3 9 8 12 13 19 18 


Vcc = Pın 20 
GND = Pın 10 


Quad 2-Port Register 


Description — The 'F399 is the logical equivalent of a 
2.2d 2-input multiplexer feeding into four edge- 
sgered flip-flops. A common Select input deter- 
mes which of the two 4-bit words is accepted. The 
zected data enters the flip-flops on the rising edge 
r me clock. The 'F399 is the 16-pin version of the 
7298. with only the Q outputs of the flip-flops 
auable. 


Zusect Inputs from Two Sources 
ey Edge-Triggered 
aupagation Delay 6.3 ns Typ 
Duck Frequency 150 MHz Typ 
Auspiy Current 21 mA Typ 


137 


54F/74F399 


Logic Symbol 


Vcc = Pin 16 
GND = Pin8 


Counter 


Synchronous 
Presettable BCD 
Decade Counter 


54F/74F160 
54F/74F162 


Description — The 'F160 and 'F162 are high speed 
synchronous decade counters operating in the BCD 
(8421) sequence. They are synchronously presettable 
tor application in programmable dividers and have 
two types of Count Enable inputs plus a Terminal 
Count output for versatility in forming synchronous 
multistage counters. The 'F160 has an asynchronous 
Master Reset input that overrides all other inputs 
and forces the outputs LOW. The 'F162 has a 
Synchronous Reset input that overrides counting 
and parallel loading and allows all outputs to be 
simultaneously reset on the rising edge of the clock. 


Synchronous Counting and Loading 
High Speed Synchronous Expansion 
Propagation Delay 7.5 ns Typ 
Count Frequency 120 MHz Typ 
Supply Current 35 mA Typ 


Logic Symbol 


983456 


PE Po Pı P2 P3 


“AR 00 0ı @ Q3 


114 13 12 11 


Vcec = Pin 16 
GND = Pın 8 


"MR tor '160 
"SR tor '162 


Synchronous 
Presettable 
Binary Counter 


54F/74F161 


54F/74F163 


Description — The 'F161 and 'F163 are high speed 
synchronous modulo-16 binary counters. They are 
synchronously presettable for application in pro- 
grammable dividers and have two types of Count 
Enable inputs plus a Terminal Count output for 
versatility in forming synchronous multistage counters. 
The 'F161 has an asynchronous Master Reset input 
that overrides all other inputs and forces the outputs 
LOW. The ’F163 has a Synchronous Reset input that 
overrides counting and parallel loading and allows 
the outputs to be simyultaneously reset on the rising 
edge of the clock. 


Synchronous Counting and Loading 
High Speed Synchronous Expansion 
Propagation Delay 7.5 ns Typ 

Count Frequency 120 MHz Typ 
Supply Current 35 mA Typ 


Logic Symbol 


0.3456 


PE Po Pı P2 Ps} 


"R Q@o 01 & Q3 


114 13 12 11 


Vcc = Pin 16 
GND = Pin 8 
"MR for '161 
"SR tor '163 


Counters 


Up/Down 
Decade Counter 


“ith Preset and Ripple Clock‘ 


54F/74F190 


Description — The 'F190 is a reversible BCD (8421) 
:ecade Counter featuring synchronous counting and 
ssynchronous presetting. The preset feature allows 
re 'F190 to be used in programmable dividers. The 
Zount Enable input, the Terminal Count output and 
=e Ripple Clock output make possible a variety of 
-ethods of implementing multistage counters. In the 
ıunting modes, state changes are initiated by the 
"s.ng edge of the clock. The Count Enable and 

„z Down control inputs can be changed with the 
2:ck in either state, provided only that the 
scommended setup and hold times are observed. 


Sgnachronous Counting 
ssynchronous Parallel Load 
zopagation Delay 10 ns Typ 
zaumi Frequency 70 MHz Typ 
Supply Current 35 mA Typ 


Logic Symbol 


11 15 110 9 


PL Po Pı P2 Ps 


Vcee = Pın 16 
GND = Pın 8 


Jp/Down 
3inary Counter 


= Preset and Ripple Clock) 


54F/74F191 


Zescription — The 'F191 is a reversible modulo-16 
‚wary counter featuring synchronous counting and 
=.rchronous preseltting. The preset feature allows 
-= #191 to be used in programmable dividers. The 
\zumt Enable input, the Terminal Count output and 
"= Sipple Clock output make possible a variety of 
-=79ds of implementing multistage counters. In the 
„ring modes, state Changes are intiated by the 
#7g edge of the clock. The Count Enable and 

2. Down control inputs can be changed with the 
c# in either state, provided only that the 

“= nmended setup and hold times are observed. 


wwchronous Counting 
„senchronous Parallel Load 
»aeagatlon Delay 10 ns Typ 
aut Frequency 70 MHz Typ 
«aaty Current 35 mA Typ 


Logic Symbol 


PL Po Pı P2 P3 


0 Q@ 0: 


Vce = Pin 16 
GND = Pin 8 
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Counters 


Up/Down 
Decade Counter 


(With Separate Up/Down Clocks) 


54F/74F192 


Description — The 'F192 is a reversible BCD decade 
(8421) counter featuring synchronous counting and 
asynchronous parallel loading. Separate Count Up 
and Count Down clock inputs determine the 
direction of counting and in either mode the circuits 
operate synchronously. State changes are initiated 
by the rising edge of the clock. Separate Terminal 
Count Up (carry) and Terminal Count Down 
(borrow) outputs are gated clocks for a subsequent 
stage, thus simplifying multistage counter designs. 
Preset data inputs make the 'F192 useful in program- 
mable counters. The Parallel Load (PL; input 
overrides counting, while the Master Reset 

(MR) input overrides both counting and parallel 
loading. 


Separate Up and Down Clocks 
Asynchronous Parallel Loading 

Carry and Borrow Outputs for Cascading 
Propagation Delay 6.5 ns Typ 

Count Frequency 70 MHz Typ 

Supply Current 35 mA Typ 


Logic Symbol 


11 15 110 9 


P2 P3 


PL Po Pı 


Vcc = Pın 16 
GND = Pın8 


Up/Down 
Binary Counter 


{With Separate Up/Down Clocks) 


54F/74F193 


Description — The 'F193 is a reversible modulo-16 
binary counter featuring synchronous counting and 
asynchronous parallel loading. Separate Count Up 
and Count Down clocks determine the direction of 
counting and in either mode the circuits operate 
synchronously. State changes are initiated by the 
rising edge of the clock. Separate Teminal Count Up 
(carry) and Terminal Count Down (borrow) outputs 
are gated clocks that need no external logic to serve 
as clocks for a subsequent stage, thus simplifying 
multistage counter designs. Preset data inputs make 
the 'F193 useful in programmable counters. The 
Parallel Load (PL! input overrides counting, while 
the Master Reset (MR'ı input overrides both counting 
and parallel loading. 


Separate Up and Down Clocks 
Asynchronous Parallel Loading 

Carry and Borrow Outputs for Cascading 
Propagation Delay 6.5 ns Typ 

Count Frequency 70 MHz Typ 

Supply Current 35 mA Typ 


Logic Symbol 


1115 1 10 9 


PL Po Pı P2 P3 


Vcc = Pın 16 
GND = Pin 


3uffer /Transceivers 


Octal Buffer/Line Driver 


“th 3-State Outputs) 


54F/74F240 


Description — The 'F240 contains eight inverting 


“ters with 3-state outputs. They offer improved PC 


„card density and are well suited as memory 
ıaress drivers, clock drivers and bus oriented 
ansmitters or receivers. The _'F240 has a pair of 
az:ve-LOW Output Enable (OE) inputs, each of 
«rich controls four of the buffers. The data inputs 
ze designed with Schmitt-type hysteresis to in- 
z=ase noise margins. Outputs are designed to 
=-ibit low leakage in the power-down condition. 


weerting Buflers 

Zeparate 4-Bit Enables 

Astput Sink 64 mA, Source 15 mA 
gsieresis on Data Inputs 
»opagation Delay 4.5 ns Typ 
zspply Current 64 mA Typ 


Logic Symbol 


Vcc = Pın 20 
GND = Pin 10 


Ictal Buffer/Line Driver 


won 3-State Outputs) 


54F/74F241 


isscriptlon — The 'F241 contains eight non-inverting 
ers with 3-state outputs. Four of the buffers are 
zrrolled by an active-HIGH Output Enable (OE)_ 
u: and four are controlled by an active-LOW OE 
-=u2. This makes them well suited for pairing in 
-arsceiver applications. The data inputs are de- 
„zred with Schmitt-type hysteresis to increase 

.nse margins. Outputs are designed to exhibit low 
ausge in the power-down condition. 


“«me-Inverling Buffers 

usosite Polarity 4-Bit Enables 
Zusputs Sink 64 mA, Source 15 mA 
«uieresis on Data Inputs 
zumegation Delay 6.0. ns Typ 
auapty Current 64 mA Typ 


Logic Symbol 


öEı 


EDEN. 


dl 


Vcc = Pın 20 
GND = Pin 10 


Buffer /Transceivers 


Quad Bus Transceiver 5SAF/74F242 


(With 3-State Outputs) 


Description — The 'F242 contains four inverting Logic Symbol 
transceivers with 3-state outputs. They are designed 
for 4-line asynchronous 2-way communication be- 
tween data or control busses. An active-LOW Output 
Enable (OEı input controls data flow in one 
direction, an active-HIGH OE input controls data 
flow in the other direction. The data inputs are 
designed with Schmitt-type hysteresis to increase 
noise margins. Qutputs are designed to exhibit low 
leakage in the power-down condition. 


Inverting Buffers 

2-Way Bus Communication 
Outputs Sink 64 mA, Source 15 mA 
Hysteresis on Data Inputs 
Propagation Delay 4.5 ns Typ 


Supply Current 64 mA Typ Vcc = Pin 14 
GND = Pın 7 


Quad Bus Transceiver SAF/74F243 


{With 3-State Outputs) 


Description — The 'F243 contains four non-inverting Logic Symbol 
transceivers with 3-state outputs. They are designed 
tor 4-line asynchronous 2-way communication be- 
tween data or control busses. An active-LOW Output 
Enable (OE: input controls data flow in one 
direction; an active-HIGH OE input controls data 
flow in the other direction. The data inputs are 
designed with Schmitt-type hysteresis to increase 
noise margins. Qutputs are designed to exhibit low 
leakage in the power-down condition. 


Non-Inverting Bulfers 

2-Way Bus Communication 
Outputs Sink 64 mA, Source 15 mA 
Hysteresis on Data Inputs 
Propagation Delay 6.0 ns Typ 
Supply Current 64 mA Typ 
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Bufter/Transceivers 


Octal Buffer/Line Driver 


«ith 3-State Outputs) 


54F/74F244 


Sescriptlon — The 'F244 contains eight non-inverting 
ıffers with 3-state outputs. They offer improved PC 
card density and are well suited as memory 

wdress drivers, clock drivers and bus oriented 
"ansmitters or receivers. The 'F244 has a pair of 
acve-LOW Output Enable (OE) inputs, each of 
wrıch controls four of the buffers. The data inputs 
a2 designed with Schmitt-type hysteresis to in- 
=ase noise margins. Outputs are designed to 
amıbit low leakage in the power-down condition. 


“au-Inverting Bufters 

ieparate 4-Bit Enables 

Zuiputs Sink 64 mA, Source 15 mA 
«ssteresis on Dala Inpuls 
»unagation Delay 6.0. ns Typ 
zugpiy Current 64 mA Typ 


Logic Symbol 


ökı 


| 


I 
1 


EEE 
ad 


FF 


Vcc = Pın 20 
GND = Pın 10 


Dctal Bidirectional 
”ransceiver 


«= 3-State Inputs/Outputs) 


54F/74F545 


scription — The 'F545 contains eight non-inverting 
=mectıonal buffers with 3-state outputs and is 
maed for bus-oriented applications. Current 
ı =s capability is 20 mA at the A ports and 64 mA 
== 3 ports. The Transmit/Receive (T/R) input 
.nes ihe direction of data flow through the 
=c2.onal transceiver. Transmit (active-HIGH) en- 
res =ata from A ports to B ports; Receive (active- 
% enables data from B ports to A ports. The 
=.r Enable input, when HIGH, disables both A 
' = sorts by placing them in a 9-state condition. 
z..r HIGH voltage Von is specified as 3.6 V for 
2 mterlacing. 


werting Buflers 
wruchonal Data Palh 
mass Sink 64 mA, Source 15 mA 
maecified as 3.6 V at 0.4 mA 
amgstion Delay 6.0 ns Typ 
„we Current 128 mA Typ 


Logic Symbol 


129345678 


Ao Aı A2 A; Aa As As Ar 


Bo Bı B2 Ba Ba Bs Be Br 


19 18 17 16 15 14 19 12 


Vcc = Pin 20 
GND = Pın 10 
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Arithmetic Operator: 


4-Bit Arithmetic 
Logic Unit 


54F/74F181 


Description — The 'F181 is a 4-bit Arithmetic Logic 
Unit capable of performing 16 arithmetic or 16 logic 
operations on two 4-bit operands Ao — Ag and 

Bo — Ba. The Carry Out (Cn + 4) output is provided 
for ripple carry expansion, while the Carry Propa- 
gate (Pı and Carry Generate (G) outputs can be 
used with an 'F182 or similar Carry Lookahead 
Generators for faster operations on longer words. 
The Mode Control iM: input determines whether a 
logic (M = Hı or an arithmetic (M = L) operation is 
performed. Signals applied to the Select (So — $3) 
inputs determine the specific function or operation. 


Pertorms 16 Arithmetic Operallons 
Performs 16 Logic Functlons 

Internal Lookahead for Fast Ripple Carry 
G and P Outputs for External Lookahead 
AorBto Carry Delay 10. ng Typ 

Ex-OR Logic Delay 8.7 ns Typ 

Supply Current 39 mA Typ 


Logic Symbol 


2 1 23 22 21 20 19 18 


on +4 


A=B 


So 5415/7415181 
4-BIT ARITHMETIC 
LOGIC UNIT 


v2zauoaonNn 


Vcc = Pin 24 
GND = Pin 12 


Carry Lookahead 
Generator 


Deserlption — The 'F182 is a high-speed carry 
lookahead generator for use with the 'F181, 'F381, 
2901A or other 4-bit ALUs in arithmetic operations 
on words longer than four bits. It accepts up to four 
pairs of active-LOW Carry Propagate (Po— P3ı and 
Carry Generate ıG0 — Ga) signals, an active-HIGH 
Carry input (Cn) and provides anticipated active- 
HIGH carries (Cn + x. On + y, Cn + 2) across four 
ALUSs. It also has active-LOW Carry Propagate (Pı 
and Carry Generate (G) outputs for optional use in 
further levels of lookahead. The 'F182 works equally 
well when the ALU operand inputs follow either the 
active-LOW or the active-HIGH convention. 


Provides Lookahead Across Four ALUs 
Multi-Level Capability for Longer Words 
Less Loading of ALU Outputs 
Propagation Delay 4.6 ns Typ 

Supply Current 19 mA Typ 


54F/74F182 


Logic Symbol 


One Cry Cnır 


Vcee = Pin 16 
GND = Pin 8 


Arithmetic Operators 


9-Bit Parity 
Generator/Checker 


Jescriotion — The 'F280 is a high-speed parity 
zenvrator/checker that accepts nine bits of input 
sata and detects whether the number of HIGH 

-puts is even or odd. If even, the Sum Even output 
s HIGIY; if odd, the Sum Even output is LOW. The 
zum Oıtd output is the complement of the Sum Even 
zutput. For longer words, the Sum Even oulput is 
‚sed as an input to the next package. 


“ine Input Lines 
dd or Even Parity 


®ropagation Delay 12.5 ns Typ 
Aspply Current 25 mA Typ 


t.Bit Binary 
-ull Adder 


«= Fast Carry) 


54F/74F280 


Logic Symbol 


8 9 10 11 12191 2 4 


bh 4 Is le Ir Is 


Vcec = Pin 14 
GND = Pın ? 


54F/74F283 


iaseription — The 'F283 high-speed 4-bit binary full 
oe with internal carry Iookahead accepts two 
-2” dinary words (Ao — Ag, Bo— Ba) and a Carry 
=_t Co). It generates the binary Sum outputs 

a -S3) and the Carry output (Ca) from the most 
‚zıfcant bit. The 'F283 will operate with either 
zme-HIGH or active-LOW operands (positive or 
«eve logic). 


um Two 4-Bit Numbers 

4 ssiernal Carry Lookahead 

was Ripple Carry for Economical Expansion 
me Carry Delay 4.7 ns Typ 

«= Output Delay 8.5 Typ 

aauey Current 30 mA Typ 
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Logic Symbol 


5 6 3 2 14 15 12 11 


Ao Bo Aı Bı A2 B2 Aa B3 


C 


Arithmetic Operators 


4-Bit Arithmetic 
Logic Unit 


54F/74F381 


Description — The 'F381 is a 20-pin ALU that 
performs three arithmetic operations (A plus B, 

A minus B, B minus Aı and three logic functions 
(AND, OR, Exclusive-OR) on two 4-bit words, A and 
B. Two additional Select input codes force the 
Function (Fo — Fa) outputs LOW or HIGH. Carry 
Propagate (Pı and Generate (G) outputs are 
provided for use with the 'F182 Carry Lookahead 
Generator for high-speed expansion to longer word 
lengths. For ripple expansion, please refer to the 
'F382 ALU. 


20-Pin Space-Saving Package 
Minimum Input Drive Required 
Pertorms Elght Functions 

P and G Outputs for Expansion 
Subtract Delay 8.5 ns Typ 
Lookahead Delay 7.6. ns Typ 


Logic Symbol 


341 2 19 18 17 16 


Ao Bo Aı Bı A2 B2 As B3 


Vcc = Pın 20 
GND = Pın 10 


4-Bit Arithmetic 
Logic Unit 


54F/74F382 


Description — The 'F382 is a 20-pin ALU that 
performs three arithmetic operations (A plus B, 

A minus B, B minus Aı and three logic functions 
(AND, OR, Exclusive-OR) on two 4-bit words, A and 
B. Two additional Select input codes force the 
Function (Fo — Fa) outputs LOW or HIGH. An 
Overflow output is provided for convenience in twos 
complement arithmetic. A Carry output is provided 
for ripple expansion. For high-speed expansion 
using a Carry Lookahead Generator, please refer to 
the 'F381. 


20-Pin Space-Saving Package 
Minimum Input Drive Required 
Performs Eight Functions 

Ripple Carry and Overflow Outputs 

A or B to Carry Output Delay 10 ns Typ 
Select to Output Delay 14.5 ns Typ 


Logic Symbol 


34 1 2 19 18 17 16 


Ao Bo Aı 


Bı A2 B2 Ay B3 


15 Cnıa 


Vcc = Pın 20 
GND = Pın 10 
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Arithmetic Operators 


3-Bit Identity 54F/74F521 
Somparator 


Zescription — The 'F521 is an expandable B-bit Logic Symbol 
<mparator. It compares two words of up to eight 
-"s each and provides a LOW output when the two 18 17 16 15 141312198 76549 2 


e:rds match bit for bit. For longer words, two or 
wre packages can be cascaded by means of the 
». 3 input, which also serves as an active-LOW 
aole input. 


Br Ar Be As B5 As Ba As B3 As B2 A2 Bı Aı Bo Ao 


Immpares Two 8-Blt Words 
=ssendable for Longer Words 
äsece-Saving 20-Pin Package 
»=pagation Delay 7.5. ns Typ 
auapiy Current 28 mA Typ 


Vcc = Pın 20 
GND = Pin 10 


:-Bit by 8-Bit Multiplier 54F/74F558 


+* 3-State Outputs) 


esaription — The 'F558 is a high-speed combina- Logie Symbol 
- 3 array that multiplies two 8-bit unsigned or 
.zzez twos complement numbers and provides the 40 1-8 12-19 20 


—» „nsiged or signed product. Each input 

ze®erd X and Y has a mode control input that 

er nes whether the number is treated as signed 
_-sgned. Two additional inputs, Rs and Ru, allow 9 

= azcıtion Of a bit for rounding to the best signed Ah 
.sged fractional 8-bit result. For expansion 21 

.””=g signed or mixed multiplication, both the true 

"z zzmplement outputs of the most significant bit 

“ ma.lable. 


aumgmed, Signed or Mixed Multiplication 
4 %-Bil Product Outputs 

«a Zomplement Output for Signed Expansion Vec = Pin 10 
murstng Inputs for Fractional 8-Bit Product GND = Pin 30 


zmuzetion Delay 50 ns Typ 
„usw Current 200 mA Typ 
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Arithmetic Operator: 


Expandable 8-Bit 54F/74F559 
Twos Complement 
Multiplier/Divider 


(With 3-State Outputs) 


Description — The 'F559 implements fast signed twos Logie Symbol 

complement multiplication and division as an 

asynchronous peripheral in microprocessor and 2 22 21 
minicomputer systems. It contains an B-bit ALU, 
three 8-bit registers, a 4-bit sequence counter and 
the control logic necessary to perform multiply, 
rounded multiply, fractional divide and integer divide 
operations. The two 8-bit operands are entered 7 
successively at the I/O ports, whereupon the circuit 6 
operates internally at a rate determined by an 19 
externally applied clock frequency of up to 25 MHz. 
Upon completion, and upon command, results are 
presented at the I/O ports in successive 8-bit words. 3 
Linking inputs and outputs are provided for 

expansion to longer words by using two or more 


[013 
ASS/ 
MA 1/O0 1/01 3/02 1/03 1/04 1/Os 1/O6 /O7 


multipliers operating on the same B-bit bus. 3ESWNNHNn9 B 
Signed Twos Complement Arlthmetic 

Increases Processor Efficiency Vcc = Pin 24 

Low System Parts Count GND = Pin 12 


Expandabie In 8-Bit Increments 
8-Bit Bus Orlented 3-State I/O 
16-Bit Multiply In 1.2 us Typ 
16-Bit Divide In 1.6 „s Typ 
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Memories 


64-Bit Random 
Access Memory 


«ith 3-State Outputs) 


Description — The 'F189 is a high-speed 64-bit RAM 
ırganized as a 16-word by 4-bit array. Address 
routs are buffered to minimize loading and are fully 
zecoded on-chip. The outputs are 3-state and are in 
=e_ high impedance state whenever the Chip Select 
SS: input is HIGH. The outputs are active only in 
=e Read mode and the outpul data is the 
:omplement of the stored data. 


}State Outputs for Bus Applications 
Zuffered Inputs for Minimum Loading 
sddress Decoding On-Chip 

Address Access Time 20 ns Typ 

hip Seleci Access Time 12 ns Typ 
Supply Current 43 mA Typ 


5AF/74F189 


Logic Symbol 


2 4 6 10 12 3 


CS Dı D> Da Da WE 
Ao 


Aı 
A2 


01 02 03 4 


Vec = Pın 16 
GND = Pın8 


54-Bit Random 
Access Memory 


sth Open-Collector Outputs) 


Isscription — The 'F289 is a high-speed 64-bit RAM 
zanized as a 16-word by 4-bit array. Address 
"cuts are buffered to minimize loading, and 
aucresses are fully decoded on-chip. Outputs are 
zen-collector type and are in the off (HIGH) state 
«renever the Chip Select (CS) input is HIGH. The 
.mmuts are active only in the Read mode; output 
za is the complement ot the stored data. 


en-Collector Outputs 

Asftered Inputs Minimize Loading 
asress Decoding On-Chip 
asıress Access Time 20 ns Typ 
up Select Access Time 12 ns Typ 
asspty Current 43 mA Typ 


54F/74F289 


Logic Symbol 


2 4 6 10 12 3 


Vcec = Pın 16 
GND = Pın8 


CD 4000 


PIN OUT DIL 
- PRODUCT DESCRIPTION CERAMIC-+MOLDED 
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REGISTER 


SWITCH 


CD 4000 


PIN OUT DIL 
CERAMIC +MOLDED 
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COUNTER 
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PRODUCT DESCRIPTION 


i 


PRODUCT PIN OUT DIL 


COUNTER 
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COUNTER 


CD 4000 


PIN OUT DIL 
PRODUCT DESCRIPTION CERAMIC +MOLDED 
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CD 4000 


PIN OUT DIL 
* REGISTER 
» REGISTER 


I 
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CD 4000 


PIN OUT DIL 
PRODUCT DESCRIPTION CERAMIC -+MOLDED 


MULTIVIBRATOR 
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CD 4000 


PIN Er DIL 
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5 
5 
5 
5 
FLIP-FLOP 
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CD 4000 


PIN OUT DIL 
PRODUCT DESCRIPTION CERAMIC +MOLDED 


161 


I 


HEX SCHMITT 
TRIGGERS 


COUNTER 
COUNTER 
COUNTER 
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60 
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PIN OUT DIL 
umger | PRODUCT DESCRIPTION CERAMIC +MOLDED 
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CD 4000 


PRODUCT PIN OUT DIL 
PRODUCT DESCRIPTION CERAMIC-+MOLDED 
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3 Amp, 5 Volt Positive Regulator 


S5G123 | SG223 | SG323 


Description 

The $G123 is a three lerminal, ihree amp, five voll 
regulator similar to the LM123 but with a special low 
voltage zener instead of the band gap reference. The $SG123 
has superior load regulation, lower input-output differential 
minimums, lower quiescent current, and better temperature 
coefficient. The circuit is specified identically to the 

LM123 and is pin for pin compatible with that device. 

The SG123 uses special processing techniques to achieve 
reliable operation at high temperatures and high current 
levels for extended periods of time. 


The $G123 has been designed for ease of operation as well 
as performance. It is completely internally phase 
compensated, and requires no external capacilors unless 
used with long lead lengths or high speed transients. 

The device is protected by thermal shutdown, standard 
current limiting, and an inslantaneous power limiting 
circuit sensitive lo high input voltages. In addition, the 
power transistor is an upgrade of previous three terminal 
designs and is unusually rugged. 


Operation is guaranteed over the junction temperature 
range of - 55°C to + 150°C. The $G223 is a similar 
device guaranteed to operale from — 25°C lo + 150°C. 
The SG323 is guaranleed over the junclion ternperature 
range of 0°C to -1 125°C. 


CONNECTION DIAGRAM CHIP LAYOUT 


GND 
PUT, CASE) 
mr 

TOP VIEW 

K-Packsge 

TO-3 


Electrical Characteristics (Note 1) 


Features 

3A Output Currents 

Full Internal Protection 

7.0 V Minimum Input Voltage, Typical 
Zener Reference for Top Performance 


Absolute Maximum Ratings 


Input Voltage 20V 
Power Dissipation Internally Limited 
Operating Junction Temperature Range 


5G123 55°C to +150°C 
56223 -25°C to +150°C 
5G323 0°C to +125°C 


-65°C to +150°C 
300°C 


Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


PARAMETER CONDITIONS 


nı 


so 
u®% 
=-o 


Output Voltage 


<o 
< 

l 

o 


Output Voltage 


n 
„oe 


Line Regulation (Note 2) 
Load Regulation (Note 2) 


Quiescent Current 


Short Circuit Current Limit 


Long Term Stability 


Thermal Resistance Junction 
[to Case (Note 3) 


Note 1: Unless otherwise noted, specifications apply for -55°C < T < + 150°C for Ihe SG123, 


25°C <T<4150C 


for the SG223. and 0° < T < + 125°C for the $G323. Specifications apply for P < 30W. 


Note 2: Load and line regulation are specified with high speed tests in order to separate their effects from ternperature 
coefficient. Pulse testing is required with a pulse width < I ms and a duty cycle < 5%. 


Note 3: The junction to ambient thermal resistance of the TO-3 package is abuut 35°C. W. 
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al-Purpose Positive Regulätor 


SG723|723C 


This regulator is designed for use with either positive or negative 
supplies as a series, shunt, switching, or floating regulator with currents 
up to 150mA. Higher current requirements may be accommodated 
through the use of external NPN or PNP power transistors. 


© Positive or negative supply operation 

© 0.03% line and load regulation 

® Output adjustable from 2 to 37V 

® Low stendby current drain 

© 0.002%/°C average temperature varistion 


PARAMETERS In | mc! | uns 
Operating Ternperature Range °C 
Package Types T’,J.N _ 
Input Voltage Range | 95t050 | 9.5 10 50 Y 
Output Voltage Range v 
Input/Output Differentiel v 
Lond Regutation?'? | 05 |. 022 | % our 
Line Regulation Vin = 12 t0 40V | 02 0 To | % Vour 
Ripple Rejection Cya4 = 5uF; f = 50Hz to 10KHz da 
Reference Voltage v 
Temperature Stability | 005 | 005 | %/0OC 
Output Noise Voltsge Cret = 0; BW = 100Hz to 10KHz uV ıms 
Standby Current Drain | 35 | 000] mA 
Minimum Load Current CHE mA 
Long Term Stability %/khr 


N parameters applyatTa= +250C, except temperature stability Is over temperature ranges, 


? applies for constant junctlon temperature. Temperature drif* affacis must be taken into account separately 
when the unlt Is operating under conditions of high dissipation. 


®||L=1t050ma, 


*T-psckage is TO-96 (can height: 240° men., 230° min.) 


atonarıo 
um 


._ SG123/723C Chip NE wma Math 
See T-Package for pad functions) Basic High Vol Aa 
sis Ya (Pin ) ia available only in High Current Aegulator sic u ig oltage Regulstor 
or. N:Package External NPN Transistor Vour ” 710 37 volta 

IL=1A 


CONNECTION DIAGRAMS 


fe} JUVERTING 
pur 


Package 
v h) en eunnent Basic Low Voltage 
{ 
BE K] cunnent Regulator 
umır Vour ” 2 10 7 volts 


Un 
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Three Terminal Positive Regulators 


SG7800A/7800AC/7800/7600C/140/240/340 


DESCRIPTION 


The SG7800A/7800/140 series of positive regulators offer self 
contained, fixed-voltage capability with up to 1.5 amps of load cur- 
rent and input voltages up to 50 volts. (SG7800A series only) 


These units feature a unique on-chip trimming system to set Ihe 
output voltages to within + 1.5% of nominal on the SG7800A series, 
+2.0% on the SG140/240 series, and +4.0% on the SG7800/340 
series. The SG7800A versions also offer much improved line and 
Ioad regulation characteristics. 


All protective features of thermal shutdown, current limiting, and 
safe-area control have been designed into these units and since 
Ihese regulators require only a small output capacitor for satistac- 
tory performance, ease of application is assured. 


Although designed as fixed-voltage regulators, the output voltage 
can be increased through the use ol a simple voltage divider. The 
iow quiescent drain current of the device insures good regulation 
when this method is used. 


Product is available in hermetically sealed TO-3, TO-39 and TO-66 
power packages as well as the plastic TO-220 package. 


SIMPLIFIED SCHEMATIC 


ouTrur 


inPut 


Pet GROUND 
TPechage R-Package 
= K-Pockage To 
TO-3 
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FEATURES 


+ Output voltage set Internally to +1.5% on SG7800A 
Input voltage range to 50 volts max. on SG7800A 


e Two volt input-output differential 
« Excellent line and load regulation 
Foldback current Ilmiting 
Thermal overload protection 


® Voltages available — 5V, 6V, 8V, 12V, 15V, 1BV, 
20V, 24V 


ABSOLUTE MAXIMUM RATINGS 


Device Input 7800A Serles Input Voltage 
Output Voltage input Voltage (Output shorted 
Voltage (operating) (transient)* to ground) 
sv 35V 50V 35V 
6v 35V 50V 35V 
8V 35V SV 35V 
12V 35V 50V 35V 
15V 35V 50V 35V 
18V 35V 50V 35V 
20V 35V 50V 35V 
24V 40V 50V 35V 
"see note next page 
Operating Junction Tempersture Range 
$G7600A/7800/140 -55°C to +150°C 
SG240 0°C to +150°C 
$G7800AC/7800C/340 0°C to +125°C 
Storage Temperature Range -65°C to +150°C 


Typlcal Power/Thermal Characteristics 


25°C Case 
Rated Power 


25°C Ambient 


Rated Power 
Design Current 


Therm. Res. 8JC (°C/w) 
BJA (°CW) 


P-Pockage 
TO-220 


FRONT VIEW 


1- Inpur 

2 - Output 

3 - Ground 
Tab - Ground 


Three Terminal Positive Regulators 


$G7800A/7800AC/7800/7800C/140/240/340 


CHARACTERISTIC CURVES 
PEAK OUTPUT CURRENT va. INPUT-OUTPUT DIFFERENTIAL MINIMUM INPUT-OUTPUT VOLTAGE va. LOAD CURRENT 


' ı 
Input-Output Voltage Differential-Voite Load Current - Ampa 


Rippe Rejection - dB 


v 
Junction Termperature - °C 


Note: Operation at high input voltages is dependent upon load current. When load current is less than 5 mA, output will rise out of regula- 
tion as input-output differential increases beyond 30 volts. Note also Irom curve above, thal maximum load curreni is reduced at high volt- 
ages. The 50 volt input rating of the SG7800A series refers to ability to withstand high line or transient conditions without damage. Since 
the regulator's maximum current capability is reduced, Ihe output may fall oul of regulation at high input voltages under nominal loading. 


APPLICATIONS 
FIXED OUTPUT REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE 


*INCREASING VALUE OF OUTPUT CAPACITOR 
IMPROVES SYSTEM TAANSIENT RESPONSE 


A2 
Vo" Var (' ‚)- toR2 
TREQUIRED ONLY IF REGULATOR IS LOCATEO AN aı 
APFRECIABLE DISTANCE FROM POWER SUPPLY FILTER 


i ADJUSTABLE OUTPUT REGULATOR, 7 t0 30 VOLTS 
HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED 


OUTPUT 


OUTPYT 
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2114 
1024 X 4 BIT STATIC RAM 


ı Max. Access Time (ns) 
| 


Max. Power Dissipation (mw) 


[21102 | 21103 | 212 | 22 | 
| 200 | 0 | so | 200 | 
[55 | 55 | 55 | a0 | 


High Density 18 Pin Package m Directiy TTL Compatible: All Inputs 
Identical Cycle and Access Times and Outputs 
Single +5V Supply m Common Data Input and Output Using 


Three-State Outputs 


s Pin-Out Compatible with 3605 and 3625 
Bipolar PROMs 


No Clock or Timing Strobe Required 
Completely Static Memory 


ne Intel® 2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-Gate 
wOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and therefore 
=quires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
zata is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


”=e 2114 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
moortant design objectives. The 2114 is placed in an 18-pin package for the highest possible density. 


* s directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
sy selection of an individual package when outputs are or-tied. 


—=e 2114 is fabricated with Intel’s N-channel Silicon-Gale technology — a technology providing excellent protection against 
rtamination permitting the use of low cost plastic packaging. 


=N CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


PIN NAMES 


OÖ = PIN NUMBERS 


ADDRESS INPUTS 

WRITE ENABLE 

= CHIP SELECT 
7-10, DATA INPUT/OUTPUT 


Vec POWER (+5V) 
GND GROUND 


EL ZBMPORATION ASSUMES KO RESPONSIBILITY FOR THE USE OF ANY CIRCUITAY OTHER THAN CIRCUITRY EMBODIEO IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
EL CHMPORATION. 1978 APRIL 1976 
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2114 FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias -10°C to 80°C 
Storage Temperature ..2 2 ocean -65°C to +150°C 
Voltage on Any Pin 


With Respect to Ground ........... -0.5V to +7V 
Power Dissipation „2.22 2croer een 1.0W 
D.C. Output Current ....2 22er eerreerennn 5mA 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Vec = 5V + 5%, unless otherwise noted. 


"COMMENT: Stresses above those listed under “Absol.r 
Maximum Ratings” may cause permanent damage to re 
device. This is a stress rating only and functional oper 
tion of the device at these or any other conditions abow= 
those indicated in the operational sections of this spec” 
cation is not implied. Exposure to absolute maximu” 
rating conditions for extended periods may affect dev 
reliability. 


2114-2, 2114-3, 2114 | 211412, 211413, 21141 
SYMBOL PARAMETER Min, Typ.i!l Max. Min. Typ.l} Max. CONDITIONS 
Idı Input Load Current HA Vın =D to 5.25V 
(All Input Pins) 

Itol W/O Leakage Current nA | C5=24V, 
Vo = 0.4V to Vec 

Iccı Power Supply Current 80 95 65 mA Vın = 5.25V, Io = 0. mA, 
Ta=25°C 

lcc2 Power Supply Current 100 70 mA Vın = 5.25V, Iyo =0 mA, 
Ta = 0°C 

12] Output Short Circuit mA 


NOTE: 1. Typical valuesare for Ta = 25°C and Von = 5.0V. 
2. Duration not to exceed 30 seconds. 


CAPACITANCE 
Ta = 25°C, f= 1.0 MHz 
SYMBOL TEST CONDITIONS 


NOTE! This parameter is periodically ampled and not 100% tested. 


A.C. CONDITIONS OF TEST 


Input Pulse Levels ..... 


Input Rise and Fall Times 


Input and Output Timing Levels 


Output Load 
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1.5 Volts 


1 TTL Gate and C| = 100 pF 


2114 FAMILY 


A.C. CHARACTERISTICS T, = 0°C to 70°C, Vec = 5V + 5%, unless otherwise noted. 


READ CYCLE& |" 


2114-2, 211412 | 2114-3, 2114L3| 2114, 21141 
SYMBOL j PARAMETER Min. Max. | Min. Max. | Min. Max. 


7 


m | 1m | 


Output Hold from Address Change 


SRITE CYCLE [2] 


a 
PARAMETER Min. Max. | Min. Max. | Min. Max. 
[ne Opdle Time To Io | 
ne se | 
ve Release me oO To | 
 ounnen ame rom wine | | | 

EEE EC 

Be 


SYMBOL 


Data to Write Time Overlap EI 
Data Hold From Write Time 


& Read occurs during the overlap ol a low CSanda high WE. 
2 & Write occurs during the overlap of a low CS and a low WE. 


SBAVEFORMS 
SEAD CYCLE® WRITE CYCLE 


ADDRESS 


ERNNUNNN WLLLLLTLLTI IE, 


0 urunsuuunnng 
our DIZZZITITTTTT 


f the CS low transition occurs simultaneousiy with the WE low 


Tansition, the output buffers remain in a high impedance state. Din KORK 


a 
2 


5 WE must be high during all address transitions. 
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2114 FAMILY 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED (a 


NORMALIZED ta 


Ion {mA} 


NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 


0.6 


05 
4.50 4.75 5.00 5.25 5.50 


Vec tv} 


NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 


OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 


En 


1 2 3 


Von IV) 


NORMALIZEO ta 


NORMALIZED Icc 


Io tmAl 


NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 


0.6 


05 


o° 
8 
& 


60 & 


To 


NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 
1.2 


1. 


10 


09 


0.7 


08 


22 20 0 60 so 
Tal) 
OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 
40 
3 
| Aue 
10 1A 
0 Rus 
0 1 2 3 4 


Vor IV) 


INTEL CORPORATION, 3065 Bowers Avenue. Santa Clara, California 95051 (408) 987-8080 
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U Rockwell 


PART NUMBERS 
R8104-R8114 


DATA SHEET 


1024 X 8 STATIC RAMs 


GENERAL DESCRIPTION 


The R8104 and A8114 devices are 1024 x 8 "byte-wide” static 
RAMs. Both devices are available with a maximum access time 
of 200, 300 or 400 nanosecondı. 


The non-latched write function allows input data to be stable 
after WE is asserted — a festure idealiy suited for microprocessor 
applicstions. Chip Enable (CE) latches the address, while data-in 
is latched by the trailing edge of Write Enable (WE). The devices 
provide common date input/output pins for connection ı0 8 data 
bus, It operates on a single +5V power supply and all input/ 
utputs are TTL compatible. The device dissipates less than 
30 mW when in standby mode with CE negated. 


FEATURES 


1024 bytes 

EPROM, PROM, ROM pinout compatible 

Non-latched Write Function 

Ideal for microprocessor applications 

Common I/O bus 

Single +5V power supply 

200, 300, 400 nsec access times 

Less than 30 mW power (disabled) 

Less than 135 mW power {ensbled) 

Available in either 22-pin or 24-pin dual-in-line packages 
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Pin Configurations 


Order 
Number: R8104- or R8114-_ _ _ 
UPpackage: 
C = Ceramic 
P = Package 
Max. Enabled Current 
No suffin = 50mA 


R8104/R8114 Block Diagram 
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L = 25mA 
Access Time (Max.) 
2 = 200ns 
3 = 300ns 
4 = 400ns 
1024 XB 
MEMORY ARRAY 
COLUMN SELECT 
WO CIRCUITRY AND BUFFERS 
WO, vo, Vo, NO, NOg NO, NO, vo, 
Specifications subject 10 


change without notice 
Document No. 29000 D68 
June 1981 


Recommended Operating Conditions: (Tamß = 0°C to 70°C) 


PARAMETER SYMBOL 


Supply Voltage 
Input High Level 
Input Low Level 


CONDITIONS 


| panameren _ Towmsor [mm I re [max [ unms| 
v 


Output HIGH Voltage 
Output LOW Voltage 
Output Leakage Current 
Input Leakage Current 


Power Supply Current 
{Device Disabled) 8104/8114 


IoH = -200 „A (NOTE 1) 

IoL ® 2.1 mA (NOTE 2) 

VoL=0.4V to Vec CE = WE = 2.0V 
Vın = 0 t0 5.25V (An. CE,WE, Only) 
TE >2.0V 


Power Supply Current CE <0.8V 
(Device Enabled) 8104/8114 

Power Supply Current CE >2.0V 
{Device Disabled) BI04L/811AL 

Power Supply Current CE <0.8V 


(Device Enabled) 81041/8114 L 


AC Characteristics: Ta = 0°C to 70°C, Vec = 5V +5%, unless otherwise noted 
Read Cycle 


CHARACTERISTICS 


Cycle Time 
Chip Enable Pulse Width 


Chip Enable Rise and Fall Time {NOTE 2} ns 
Address Set Up Time n$ 
Access Time ns 
Address Hold Time nS 
Output Hold Time n$ 


Recovery Time 


Write Cycle 


CHARACTERISTICS 


Cycle Time 
Chip Enable Pulse Width 


Chip Enable Rise and Fall Time (NOTE 2) Ss |; 
Address Set Up Time n$ 
Address Hold Time ns 
Recovery Time nS 
Write Enable Pulse Width ns 
Write Enable Delay Time ns | 
Write Data Hold Time ns | 


Data Set Up Time 


Capacitance 


PARAMETER smoor mo | mn | 
Input Capacitance Cın CE = 2V 
Output Capacitance Court Vo = 0.47 


NOTE 1: Output terminated per Test Output Load diagram. Any valid combination of input volteges, Vec, and temperature 
NOTE 2: Typical Chip Enable Rise and Fall Time (Tcr and Tcp) is 10.n$ for Read and Write Cycle 
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| man | un CONDITIONS 


Absolute Maximum Ratings 


See NOTE 1) (Referenced to Vss) 


voltage to Any Pin With Respect to Vss 
?ower Dissipation 


0.510 +7.0 
1.6 INOTE 2) 
50 
01070 


Surrent Into/From Output 


Iperating Ambient 
"emperature Range (TamB) 


Storage Temperature (TSTOR) -65 to +150 


"3 device contains circuitry to protect the inputs against damage 
ae 10 high static voltages or electric fields; however, it is advised that 
"ermal precautions be taken to avoid application of any voltage higher 
ran maximum rated voltages. 


WOTE 1: Permanent device damage may occur if ABSOLUTE MAXI- 
“_M RATINGS are exceeded, Functional operation should be re- 
zreted to RECOMMENDED OPERATING CONDITIONS. Exposure 
= nigher than recommended or maximum voltages for extended peri- 
223 of time could affect device reliability. 


«OTE 2: At 25°C Ambient Derate 13.5 mW/°C. 


en 
, 


DOG 


OUTPUT 
UNDER TEST 1.3KN 
Vo 50pF 1N3084 
DIODES 


Test Output Load 


FUNCTIONAL DESCRIPTION 


The A8104 and R8114 are 8192-bit Static RAMs with memory cells 
organized in eight arrays of 128 rows by 8 columns (1024 x 8 bits). 
Each eight-bit byte is addressed by simultaneousiy decoding the X 
addresses (A3 through A9) for the rows, and the Y addresses (AO 
through A2) for the columns. Data is written or read in parallel on 
eight common input/output pins. Operation of the 8104 and B114 
is controlled by Chip Ensble (CE) and Write Enable (WE). 


When CE is high, all outputs are in a high impedance state, and power 
is supplied only to the memory elements. When CE is low, the memory 
is enabled for resding and writing. 


The negative going edge of TE begins timing for a read or 8 write cycle. 
Address and WE must be stable for Tas prior to CE being asserted. 
Data on address pins AO-A9 are latched into "D” type flip-flops and 
no longer need to be held stable. WE, however, must be held stable 
throughout the cycle. For a read cycle (WE = high), data will be 
svailable on the data 1/O pins within time Ta of CE asserted, and 
will remain valid until time TON after CE is negated. 


For a write cycle (WE = low), date being written must be stable for 


TDs prior to CE returning high, and must remain stable for time 
TDH- 


Truth Table 


BAER EEE 


Disabled Standby 


Enebled 
Enabled 


Read 
Write O 


Enabled Write 1 


H Don’t Care Kigh Z 
L H Data 
L L L 
L L H 
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PACKAGING DIMENSIONS 


R8104 (22 Pin) Dimensions 


PLASTIC PACKAGE 


rk-Iıonmoo»» 
E 


R8114 (24 Pin) Dimensions 


PLASTIC PACKAGE 


Zra-ıonmgooo» 


Typical Outline Drawing 


IRRINN: ee 


TV reane 7 AUG 
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Typical Outline Drawing 
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ELECTRONIC DEVICES DIVISION REGIONAL AOCKWELL SALES OFFICES 
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Electronic Devices Divisıon 
Rockwell Inteinaliona! 
3310 Mıraloma Avenue 
PO. Bon 3669 

Anaheım, Calitornıa 92803 
(714) 632-3729 

TWX 910 591-1698 


UNITED STATES 
Electronic Devices Division 
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Ievıne, Calıfornıa 92626 
(714)632-3710 

ODD (714) 545-6227 


Electronic Devices Division 
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Telex 73.307 
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PRELIMINARY 


MOSTEK. 


1K x 8STATIC RAM 


MK4801(P) Series 


FEATURES 


I Address Activated TM 
of Edge Activated TM and fully static. 


7 High performance 


MK4801-55 55 nsec 65 nsec 
MK4801-70 70 nsec 70 nsec 
MK4801-90 90 nsec 90 nsec 


2 Single +5 Volt Power Supply 


DESCRIPTION 


The MK4801 uses MOSTEK’s SCALED POLY 5 TM 
arocess and advanced circuit design techniques to pack- 
age 8192 bits of static RAM on a single chip compara- 
ble in size to previous 4K designs. MOSTEK’s Address 
Activated TM circuit design technique is utilized to 
achieve high performance, low power, and easy user 
mplementation. The device has a VjH = 2.1V, VıL = 
Q8V, VOH = 2.4V, VoL = 0.4V making it totally 
ompatible with all TTL family devices. 


Tre MK4801 is designed for all wide word high speed 
=emory applications. The MK4801 presents the user 
a high density cost effective alternative to bipolar and 


3LOCK DIAGRAM 


Data Ingo ı Cuimun 
LIKLTET 


Ye 
nr —e 


interface combines benefits (I 


TTL Compatible I/O 
Fanout: 2 - Standard TTL 
2 - Schottky TTL 
12 - Low power Schottky TTL 


Low power - 500 mW active 


24-pin - 


CS, OE, and LATCH functions for flexible system 
operation 


Read - Modify - Write capability 


previous generation N-MOS fast memory. The 
4801 features a fast CS (50% of Address Access) 
function to permit memory expansion without im- 
pacting system access time. A fast ÖE (50% of access 
time) is included to permit data interleaving for en- 
hanced system performance. The MK4801 features 
a flexible latch function to permit latching of the 
address and CS status at the users option. The latch 
function may be bypassed by merely tying the latch 
pin to VCc. Common data and address bus operation 
may be pertormed at the system level by utilizing the 
MK4801'’s L and OE functions. 


PIN OUT 
24 Vcc 
23 AB 
22 19 
21 WE 
20 0E 
U 

18 65 

17 1/08 
16 1/07 
15 1/06 
14 1/05 
13 1/04 


voanouaun - 


PIN NAMES 


AO-A9 Address Inputs | WE Write Enable 
[673 Chip Select o0E Output Enable 
Vss Ground L Latch 

Vcc Power (+5V) 1/01 1/08 Data In/ 


Data Out Port 
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ROM/PROM compatible pin configuration 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to VSS ..... 2.222222... 


Operating Temperature TA (Ambient) 
Storage Temperature (Ambient) (Ceramic) 


Power Dissipation ... 2.22 oc 


Short Circuit Output Current 
RECOMMENDED DC OPERATING CONDITIONS 
(0 C< Tas + 70°C) 


PARAMETER 
Supply Voltage 


Vec 
Vss 
VIH 
VIL 


DC ELECTRICAL CHARACTERISTICS! 
(0’C< Tas + 70°C) (Vcec = 5.0 volts: 5%) 


PARAMETER 

Iccı AR Vcc Power Supply Current 

r Y, 
icc2 areas Cc Power Supply Current 
IL input Leakage Current (Any Input) 
loL 
VOH Logie "1" Voltage Iout= -ImA 
VoL |Output Logic 0” Voltage Iourt = 4mA 


AC ELECTRICAL CHARACTERISTICS! 


(PC<Tas+70 °C) (Vec = + 5.0 volts : 5%) 


PARAMETER 


Capacitance on all pins (except 1/0) 


Capacitance on I/O pins 


*Stresses greater than those Iısted u 


.. —.5V to +7.0V "Absolute Maxımum Ratings” may c 
permanent damage to the device. Thıs 

..,‚0 Cto+70C stress rating only and functional operam 
of ıhe device at these or any other co 

-65 Cto+150 C tıons above those indicated in the open 
tional sections of this specification is 

ER EEE VE 1 Watt ımplied. Exposure 10 absolute maxi 
rating conditions for extended periods 

PS HE IRERRNC HE ES RENER| 20mA affect relıabılity. 


MIN 


NOTE: 


1 All valtaaes relerenced to Vss. 
2. Measured with 0 SVI S5V and outputs desalected. 


OPERATION 
READ MODE 


The MK4801 is in the READ_MODE whenever the 
Write Enable Control Input (WE) is in the high state. 
The state of the 8 data I/O signals is controlled by the 
Chip Select (CS) and Output Enable (OE) control 
signals. The READ MODE memory cycle may be 
either ASYNCHRONOUS (ripple-through) or SYN- 
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CHRONOUS, depending on user control of the Latch 
Input Signal (L). 


ASYNCHRONOUS READ CYCLE 


In the ASYNCHRONOUS READ CYCLE mode of 
operation, the MK4801 provides a fast address ripple- 
through access of data from 8 of 8192 locations in 
the static storage array. Thus, the unique address 


SYMBOL 


ZLECTRICAL CHARACTERISTICS 
PC< Tas 70°C) (Vec = 5.0 volts + 5%) 
PARAMETER 
Read Cycle Time 
Address Access Time 
Chip Select Access Time 
Chip Select Data Off Time 
Output Enable Access Time 
Output Enable Data Off Time 
Address Data Off Time 
Address To Latch Setup Time 
Address From Latch Hold Time 
To Latch Setup Time 


CS From Latch Hold Time 


To Write Setup Time 
CS From Write Hold Time 
Data To Write Setup Time 


Data From Write Hold Time 
Write Pulse Duration 


Latch Duration, High 


r 


Latch Duration, Low 
Write Enable Data.Off Time 


Latch Data Off Time 


35YNCHRONOUS READ CYCLE (CONT’D) 


wecified by the 10 Address Inputs (A„) define which 
>t 1024 bytes of data is to be accessed. The ASYN- 
Z-RONOUS READ CYCLE is defined by WE = 
= High. _ 
s "ransition on any of the 10 address inputs will 
able the 8 Data Output Drivers after taz. Valid 
"32 will be available to the 8 Data Output Drivers 
enin tAA after the last address input signal is stable, 
widing_that_the CS and OE access times are satis- 
«=. If CS or OE access times are not met, data access 
w:' be measured from the limiting parameter (tCsA 
r :QEA) rather than the address. 


187 


Oio 
o9in 


MK 4801-55 |MK4801-70}MK 4801-90| UNIT |NOTE 


E41 
S 


S n n 
Ss 
oO 


SI 
BE 


ni — _ 
slsela 


(9) 


@ 
9009 
oO1!0 


SYNCHRONOUS READ CYCLE 


The SYNCHRONOUS READ CYCLE is also defined 
by the Write Enable control input (WE)} being in the 
high state, and it is synchronized with the Latch (L) 
input. 


As the Latch control input {L) is taken low, Address 
(An) and Chip Select (CS) inputs that are stable for 
the specified set-up and hold times are latched inter- 
nally. Data corresponding to the latched address 
will be supplied to the Data Output drivers. The out- 
put drivers will be enabled to drive the Output Data 


ASYCHRONOUS READ CYCLE 


SYNCHRONOUS READ CYCLE (Cont’d) 


Bus under control of the Output Enable (ÖE) and 
latched Chip Select (C5) inputs. 


Taking the latch input high begins another read cycle 
for the memory locations specified by the address 
then appearing on the Address Inputs (An). Return- 
ing the latch control to the low state latches the new 
Address and Chip Select inputs internally for the 
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WE = [ = HIGH 
tac taA 
cs 
öE 
— taA 
taz DEZ 
"DATA OUT VALID VALID 
SYNCHRONOUS READ CYCLE 
WE = HIGH 
tAHL 
ICHL 
ö ) 
tCsL CSA 
tAsL 
T 
tLA 
I: tLz 
o£ 
tOEA 
AA 


remainder of the SYNCHRONOUS READ CYC. 


WRITE MODE 

The MK4801 is_in the Write Mode whenever = 
Write Enable (WE) and Chip Select (CS) con: 
inputs are in the low state. The status of the 8 out 
buffers during a write cycle is explained on the ne 
page. 


WRITE CYCLE 
L= HIGH 
DE = LOW 


ADDRESS 


OUTPUTS 


VALID DATA OUT 
y4 


A 


WRITE MODE (Cont’d) 


"he WRITE cycle is initisted by the WE pulse going 
ow provided that CS is also low. The leading edge of 
ne we pulse is used to latch the status of the address 
zus. CS if active (low) will also be latched. NOTE: 
WE is gated by CS. If C5 goes low after WE, the Write 
Sycle will be initiated by_CS, and all timing will be 
=ferenced to that edge. CS and the Addresses will 
en be latched, and the cycle must be terminated by 
WE going high. The output bus if not already disabled 
«ill go to the high Z state tyyEz after WE. The latch 
sgnal, if at a logic high, will have no impact on the 
ARITE cycle._If latch is brought from a logic high to 
ow prior to WE going active then the address inputs 
and CS will be latched. NOTE: The Latch control {L) 
«ill latch CS independent of the state, whereas WE 
aull latch_CS only when in the low state. Once 
atched, CS and the address inputs may be removed 
zfter the required hold times have been met. 


taz 


De} 


SW 
tDHW 
VALID 
DATA IN VALID = DATA 
OUT 


Data In must be valid tDSW prior to the low to high 
transition of WE. The_Data In lines must remain 
.stable for tDHW after WE goes inactive. The write 
control of the MK 4801 disables the data out buffers 
during the write cycle; however, OE should be used 
to disable the data out buffers to prevent bus conten- 
tion between the input data and data that would be 
output upon completion of the write cycle. 


READ/MODIFY/WRITE CYCLE 


The MK4801 READ/MODIFY/WRITE cycle is 
merely a combination of the READ and WRITE cycle 
operations. The asynchronous or synchronous READ 
cycle may be combined with the WRITE operation. 
The status of the Data Out bus will follow the oper- 
ation outlined in the READ MODE or WRITE 
MODE. 
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MOTOROLA 


Semiconductors 


Advance Information 


4096-BIT STATIC RANDOM ACCESS MEMORIES 


The MCM6641 series 4096 X 1-bit random access memory is 
fabricated with high density, high reliability N-channel silicon- 
gate technology. For ease of use, the device operates from a single 
5-volt power supply, is directly compatible with TTL and DTL, 
and requires no clocks or refreshing because of fully static operation. 
The fully static operation allows chip selects to be tied low further 
simplifying system timing. Data access is particularly simple, since 
address setup times are not required. The output data has the same 
polarity as the data input. 

The MCM6641 is designed for memory applications where simple 
interfacing is the design objective, and is assembled in 18 pin dual 
in-line packages with the industry standard pin-outs. 


Single #10% +5 V Supply 

Fully Static Operation—No Clock, Timing Strobe, Pre-Charge, 
or Refresh Required 

Industry Standard 18-Pin Configuration 

Fully TTL Compatible 

Common Data Input and Output Capability 

Three-State Outputs for OR-Tie Capability 


Power Dissipation MCM6641 Less Than 550 mW (Maximum) 
MCM66L41 Less Than 385 mW (Maximum) 


Standby Power Dissipation Less Than 125 mW (Typical} 


MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME 
MCM664 1-20 MCM6641-30 
MCM66L141-20 MCM66L41-30 


MCM664 11-25 MCM6641-45 
MCM66141-25 MCM66L41-45 


| 
Control 


a 


Data 


Data 
Control 


A3 A4 ASA11A10A9I 


This is advance information and specifications are subject to change without notice. 
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| Output 


vsosanavun 


OMOTOROLA INC. 1978 


MCM6641 
MCM66L41 


MOS 


{IN-CHANNEL, SILICON-GATE) 


PIN ASSIGNMENT 


4096-BIT STATIC 
RANDOM ACCESS MEMORIES 


PIN NAMES 


Address Input 


Data Input 

Data Output 

Chip Select 

Power Supply {+5 \% 
Ground 

Write Enable 


Not Selecte« 
Write "0° 
Write "1" 


| Quteut data | data 


ADI&“ 


ABSOLUTE MAXIMUM RATINGS (See Note 1} 


Voltage on Any Pin With Respect to Vss -05t10+70 


This device contains circuitry 10 protect the 
Inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 


DC Output Current 
Power Dissipation 
Operating Temperature Range 


tion of any voltage higher than maxırmum rated 


0 Po war | voltages to this high-impedance circuit. 


wow: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted 
to RECOMMENDED OPERATING "CONDITIONS. Exposure to 
higher than recommended voltages for extended periods of time could 
affect device reliability. 


Storage Ternperature Range 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
Ivec = 5.0 V 10%, Ta = O0 to +70°C) 


SECOMMENDED DC OPERATING CONDITIONS 


Parameter 


aut Load Current 
(AN Input Pins, Vin =01055V) 


Zutput Leakage Current 
tC5 = 2.4 V.Vjn =0.4 10 Vcc) 
"zwer Supply Current 
Wee 55V. lou "0 mA, Ta = 0°C) 
rau Low Voltage 
rout High Voltage 
Zurput Low Voltage 


IoL *.2.1mA 
Zuzput High Voltage 
10H = 1.0 mA 


Zuzput Short Circuit Current 


”.oscal values are at Voc =5.0 V, Ta = 25°C 
“wm: 2. Duration not to exceed 30 seconds. 


IAPACITANCE 
2 1D MHz, Ta = 25°C. periodically sampled rather than 100% tested.) 


Characteristic 
maut Capacitance (Vin =O VI 
Zumput Capacitance (Vour "O0 V) 


EAMDBY OPERATION 
"soucal Supply Values) 


MCM6641 
MCM66L41 


"re MCM6641 series is offered in an 18-pin dual-in-line ceramic (JL suffin} and plastic (NL suffix) packages designed for insertion in mounting- 
Se ows on 300-mil centers. The series is designed for operation from 0°C ı0 70°C. 


— (M) MOTOROLA Semiconductor Products Inc. 
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MCM6641 e MCM66L41 


AC OPERATING CONDITIONS AND CHARACTERISTICS 


{Full operating voltage and temperature unless otherwise noted.} 


Input Pulse Levels... .. 22cm een er ereenenennn 0.8 Volt to 2.0 Volts 
Input Aise and Fall Times... : cu om onen rennen 10ns 
Input and Output Timing Levels .. .: cc vo vereinen. 1.5 Volts 
Output Load... 2.2.22 ce en 1 TTL Gate and CL = 100 pF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
Read {Note 3), Write (Note 4) Cycles 


RECOMMENDED AC OPERATING CONDITIONS (TA = 0 to 70°C, Vec = 5.0 V : 10%) 


RC 
“ 
sx 
we 
tm m] 100] 
um 
[Osioun 3:Sar From We [komm | =] 
BECH 
oe] 0] 


READ CYCLE TIMING {Note 5) WRITE CYCLE TIMING (Note 6} 


twc 


Address 


Address 


0 


zı 


Dout 


A Read occurs during the overlap of a low 5 and a high W. 
. A Write oceurs during the overlap of a low 5 and a low W. 


Notes: 


EEE — A 


‚Wis high for a Aead cycle. 


3. 
4 

5 
6 


. IE the S low transition occurs simultaneously with the W low 
transition, the output buffers remain in a high impedance rate. 


(A) MOTOROLA Semiconductor Products Inc. 
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MCM6641 e MCM66L41 He; 12 : 


PACKAGE DIMENSIONS 


PSUFFIX 


C SUFFIX 
PLASTIC PACKAGE FRAIT-SEAL PACKAGE 
CASE 707.01 CASE 701-01 


MOTES: 

} LEADS WITHIN 0.13 mm 
(0.003) RADIUM OF TRUE 
POSITION AT SEATING 
PLANE AT MAKIMUM 
MATERIAL CONOITION 


DICK 

B 2. DIMENSION "U" TO CENTER 
OF LEAOS WHEN FORMED 
PARALLEL. 


— (A) MOTOROLA Semiconductor Products Inc. =ei 
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MOSTEK’S BYTEWYDE STATIC MEMORY FAMILY 


A available 1981 


4118/A 48 3 
4801A 


4Kx8 |37000 |32K x 8| 2764 


[vss _ |vss [jvss Jvss Ivss Jvss | 


Parenthesis Indicates Pin Number of 24 Pin Packages. 
24 Pin Devices are Lower Justified in Pins 3 Thru 26 of 28 Pin Socket 


KEN 


x 
42) 
513) 
614) 
715) 
86) 
a 
1018} 
119) 
1210) 
1311) 
14(12) 


(24)26 
(2925 
122)24 
121123 
(20)22 
11921 
118)20 


(22724 | ] O1 
(123 ] oO’ O-weE 
207221 | OD—— vcc 


1018) 
1119) 


12110) 
1%11) 
14112) 


jvc |voco Tvcc | 
inc [ne Twe | 
Ara Inc Inc | VcC 
AB AB 
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>RELIMINARY 


MOSTIEK. 


1K x 8-BIT STATIC RAM 


MK4801A(P/J/N) Series 


FEATURES 
7 Static operation 
Z Organization: IK x 8 bit RAM JEDEC pinout 


Z Pin compatible with Mostek's BYTEWYDET"Y memory 
family 


2 24/28 pin ROM/PROM compatible pin configuration 


DESCRIPTION 


"ne MK4801A uses Mostek’s Scaled POLY 5’M process and 
advanced circuit design techniques to package 8,192 bits of 
zatic RAM on a single chip. Static operation is achieved 
«ah high performance and low power dissipation by 
„slizing Address Activated'M circuit design techniques. 


3L0OCK DIAGRAM 


DATA MmUTB-OUTRUTE 
var 


vee “ 


D High performance 


O CE and ÖE functions facilitate bus control 


MK4801A-70 


MK4801 A-90 


The MK4801A excels in high speed memory applications 
where the organization requires relatively shallow depth 
with a wide word format. The MK4801 A presents the user a 
high density cost effective alternative to bipolar and 
previous generation N-MOS fast memory. 


PIN CONNECTIONS 


7124 Vec 
[]23 Ag 
122 Ag 
21 WE 
20 0E 
D19 nc 
[)ı8 TE 
[17007 
H16Dag 
[115DQg; 
14DQg 
1)13DQ3 


PIN NAMES 


Address Inputs Write Enable 


CE Chip Enable OE Output Enable 
Vss Ground NC No Connection 
Vec Power (+5V) DOg-DQ7 Data In/ 


Data Out 


ABSOLUTE MAXIMUM RATINGS’ 


Voltage on anypinrelativeto VgS .-..:2222eeneneeeeeeeeneneneeneenen seen ennenensnenennennenene -5Vto+7D 
Operating Temperature Ta (Ambient)... ....-.2recseceeeeeeeneerenenrnenneenensnneesensesnsnenee 0°C to +70°: 
Storage Temperature (AmbientXCeramic).......----------ureereereeuseennensnerseennrennennennne -655°C to +150°: 
Storage Temperature (Ambient{Plastic) ...-....---«.---20240 sense ner sense nenne nenne -55°C to +125°: 
Power.Dissipation-...,. 24.14. ae m Eee en ee see eat IiWwa 
Oütpüt:Currenti.. nr ee RB a en ae 20m 


"Siresses greater than ihose listed under "Absolute Maximum Ratings” may cause permanent damage to the device. Thisis.a stress rating only and functional operation? = 
device at Ihese or anıy other conditions above those indicated in the operational sections of this specification is not implied. Enposure to absolute merimum rating conditiors = 
extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS® 
(0°C ST, = +70°C) 


PARAMETER 
Supply Voltage 


Logic "1" Voltage All Inputs 
Logic "0" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS',® 
(0°C STA < +70°C) Vec = 5.0 volts + 5%) 


PARAMETER 


Average Vcc Power Supply Current 


Input Leakage Current (Any Input) 
Output Leakage Current 


Output Logic "1" Voltage Iout = -1mA 


AC ELECTRICAL CHARACTERISTICS',» 
(0°C <TA <= +70°C)Vec = +5.0 volts + 5%) 
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ZECTRICAL CHARACTERISTICS 3,* 
CS Ta < 70° Vcc = 5.0 volts + 5%) 


MK4801A-70 KEENTEN 90 
PARAMETER tn UNITS |NOTES 


ee 
m et ee 
EI veruEn eı a Eg 
sans ann am 


Output Enable Access 35 
Time 
Output Enable Data Off 20 
Time 


ee et 


wc Bu ee aume re 
er “= = tee 


BE 
Data To Write Setup Time sI | 


Data From Write Hold 
Time 


Write Pulse Duration 
Write Enable Data Off Time 
Write Pulse Lead Time 
7 


24 witages referanced Io Vgg OUTPUT LOAD EV 
üssured with 4 < Vj S5.0V, outputs deselected and Vec = 5V Figure 1 

a massurements assume Transition Tine = Sns levels Vgg to 3.0V 

una and output timing reference levels are at 1.5V 

Wsured with a load 85 shown in Figure 1 1.1K0 
Sectrve capacitance cakculated from the equation C = AQ with AV = 3 volts “ 

wg power supplies at nominal levels. ANZ 

Zumpa buffer is deselecied 

& raramum of 2ms time delay is required after application of Voc (+5V) before 
zum dervice operation can be achieved. 


SYM 


DEA 


"OEZ 


TSW 


HN 


“D 


wEz 


E28 


DUT. 


= measured with outputs open. 680N K' 
utrve undershoots to a minimum af -1.6V are allowed with a maximum of OpF 
en pulse width. (Including Scope and Jig) 
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TIMING DIAGRAM 
Figure 1 


'cEA 

ÖE 

WE 'az 
!OEA 


00 


TIMING DIAGRAM 


Figure 2 
WRITE WRITE READ 
'wc 'twc IRc 
SED GERD 24. GERD: GE 
tas tan 
CE 


twez 


'cEz u . 
VALID 


VALID VALID 
009-DQ7 OUT 
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=e MK4801A features a fast CE (50% of Address Access) 
“„nction to permit memory expansion without impacting 
sem access time. A fast ÖE (50% of access time) is 
cuded to permit data interleaving for enhanced system 
zer’ormance. 


”e MK4801A is pin compatible with Mostek’s 
S»TEWYDETYM memory family of RAMs, ROMs and 
ZROMs. 


"PERATION 
#EAD MODE 


"e MK4BO1A is in the READ MODE whenever the Write 
able Control input (WE) is in the high state. 

- me READ mode of operation, the MK4801A provides a 
= address ripple-through access of data from B of 8192 
zzuons in the static storage array. Thus, the unique 
orress specified by the 10 Address Inputs (An) define 
«rich 1 of 1024 bytes of data is to be accessed. 


« ransition on any ofthe 10 address inputs will disable the 
: Zata Output Drivers after taz. Valid Data will be available 
: me 8 Data Output Drivers within taA after the last 
aaress input signal is stable, providing that the CE and OE 
.coess times are satisfied. If CE or DE access times are not 
et. data access will be measured from the limiting 


parameter (tcga or toga) rather thanthe address. The state 
of the 8 data I/O signals is controlled by the Chip Enable 
(TE) and Output Enable (ODE) control signals. 


WRITE MODE 


The MK4801A is in the Write Mode whenever the Write 
Enable (WE) and Chip Enable (CE) control inputs are in the 
low state. 


The WRITE cycle is initiated by the WE pulse going low 
provided that CE is also low. The leading edge of the WE 
pulse is used to latch the status of the address bus. 


NOTE: Ina write cycle the latter occurring edge ofeither 
WE or CE will determine the start of the write cycle. 
Therefore, tAs. tyyp andtaH arereferencedtothe latter 
occurringedge ofTE or WE. Addresses are latchedatthis 
time. All write cycles whether initiated by CE or WE 
must be terminated by the rising edge of WE. If the 
output bus has been enabled (CE and DE low) then WE 
will cause the output to go to the high Z state in tyygz- 


Data In must_be valid tnsw prior to the low to high 
transition of WE. The Data In lines must remain stable for 
tDHW after WE goes inactive. The write control of the 
MK4801A disables the data out buffers during the write 
cycle; however, DE should be used to disable the data out 
buffers to prevent bus contention between the input data 
and data that would be output upon completion ofthe write 
cycle. 
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Para MOSTEK 


2K x 8 STATIC RAN 
MK4802(P/J/N) Series 


FEATURES D High performance 


Pre Anm 
geQygccess Time 


D Static operation 


R/W 


D Organization: 2K x 8 bit RAM JEDEC pinout Cycle Time 


; 70/80 nsec 
D Pin compatible with Mostek’s BYTEWYDETM memory 


Jaruly 90/100 nsec 


OD CE and DE functions facilitagg bus Ibntr 


emory applicatiore 
elatively shallow dep 
ma e MK4802 presents the user : 
ffective alternative to bipolar at 


DESCRIPTION 


The MK4802 u led POLY 5TM process and 
advanced circui niques to package 16,384 bits 
of static RAM on single chip. Static operation is achieved 
with high perfofmance and low power dissipation b 
utilizing Address Activated'M circuit design techniqu 


BLOCK DIAGRAM 


Ve —a 
ann ——— 


meisıe 

MEMORF CELL 
10306 

m ntatıc nam 


*See MK4802-3 Data Sheet 
PIN NAMES 


-Aıo Address Inputs 
[6] Chip Enable 
Vss Ground 
DOg-DQ7 Data In/Data Ou 


Vec Power (t+5V' 
Wr Write Enabie 
dE Output Enabe 


X = Don't Care 
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ABSOLUTE MAXIMUM RATINGS* 


voltage on any pin relativetoVGG .......222eseeeeeeseeeseenersernen nenn nenneeseenseneresrnnnn -.5V to + 7.0V 
perating Temperature Ta (Ambient) .........2222esnseeseeeeneneseneesesneesnsnsensenersenennen 0°C to +70°C 
Storage Ternperäture (AmbientXCeramic)....... 2222222 eseeneeeennene nenn nme een ner rennen nee -65°C to +150°C 
Storage Termperature (Ambient{Plastic) ......---22222eseeeeeeeeneen nennen ner sr nerennerunn -55°C to +125°C 
year Dissipätion. sn zn na ee RT en ae nn Brent 1 Watt 
Jutput: Current ...32. er ern BR ee Se ee en Bear Burke Deere 20mA 


"Stresses greater than those listed under "Absolute Maximum Ratıngs” may cause permanent damage to the device. Thisisa stress rating only and functional operation ofthe 
zerice at these or any other conditions above Ihose indicated in the operational sections of this specification is not implied. Exposure to absolute marimum rating conditions for 
wwerdled periods may affect reliability. 


RECOMMENDED D.C. OPERATING CONDITIONS® 
O’C<Ta<s+70°C) 


Supply Voltage 


Supply Voltage 


Logic "1" Voltage All Inputs 
Logic 0” Voltage All Inputs 


3C ELECTRICAL CHARACTERISTICS',® 
CC <T,<+70°C}(Vec = 5.0 volts + 5%) 


PARAMETER UNITS 
mA 


Average Vcc Power Supply Current 


Input Leakage Current (Any Input) 


Output Leakage Current 


&£ ELECTRICAL CHARACTERISTICS',® 
EC STA=+70°C) (Vec = +5.0 volts + 5%) 


201 


ELECTRICAL CHARACTERISTICS?, 
(0°C <T4 < 70°C) (Vec = 5.0 volts + 5%) 


PARAMETER 


Read Cycle Time 
Address Access Time 


tcE Chip Enable 
t 


MK4802-70 | MK4802-90 


SI 


Access Time 


CEA 
CEZ Chip Enable 
Data Off Time 


Output Enable 
Access Time 

Output Enable 
Data Off Time 


Address Data Off Time 


Write Cycle Tine 


Address 

Setup Time 

Address 

Hold Time 
tDSW Data To Write 

Setup Time 
tDHW Data From Write 

Hold Time 


Write Pulse Duration 


tWEZ Write Enable Data 
Off Time 


Write Pulse Lead Time 


[S} S 
D 


NOTES: OUTPUT LOAD 

1. All vohages relerenced to Vsg Figure 1 

2. _Measured with .4 < Vj < 5.0V. outputs deselected and Vcc = EV Ev 
3 

4 

5 

6 


AC messurements assume Transition Time = 5ns levels Vgg to 3.0V 
N Input and output timing reference levels are at 1.5V 
Measured with a load as shown in Figure 1 
. Effective capacitance cakculated from the equation C = AQ with AV = 3 volts 1.1K0n 
and power supplies at nominal levels. AV N 
7. Output buffer is deselected 
@. A minimum of 2ms time delay is required after application ol Vec (+5V) before DU. 
proper device operation can be achieved, 
9.  Iccı measured with outputs open. 
10. Negative undershoots to a minimum af -1.6V are allowed with a maximum of 
6Ons pulse width. eson 30pF 
(Including Scope and Jig) 
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TMING DIAGRAM 
use 1 


'CEA 
ÖE 
| bi u 
WE "az 
toEA 
toez nu 


mus 


eG DIAGRAM 
m 2 


WRITE WRITE READ 
wc \wc j IRc 


Sr GE N EEE N 
tas- tan zZ 


'wo tosw Pen 


hai 


Mi 


Al 

< 
> 
sIco 

N 

[e} 

E4 

2 


ß VALID VALID 
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The MK4802 features a fast CE (50% of Address Access) 
function to permit memory expansion without 
impacting system access time. A fast DE (50% of access 
time) is included to permit data interleaving for 
enhanced system performance. 


The MK4802 is pin compatible with Mostek’s 
BYTEWYDETM Memory Family of RAMs, ROMs and 
EPROMS. 


OPERATION 
READ MODE 


The MK4802 is in the READ MODE whenever the Write 
Enable Control Input (WE) is in the high state. In the READ 
mode of operation, the MK4802 provides a fast address 
ripple-through access of data from 8 of 16,384 locations in 
the static storage array. Thus, the unique address specified 
bythe 11 Address Inputs (A„) define which 1 of 2048 bytes 
of data is to be accessed. 


Atransition on any.ofthe 11 address inputs will disable the 
8 Data Output Drivers after taz. Valid Data will be available 
to the 8 Data Output Drivers within taa after the last 
address input signal is stable, providing that the CE and DE 
access times are satisfied. If TE or ÖE access times are not 
met, data access will be measured from the limiting 


parameter (tcga Ortoga)ratherthanthe address. The state 
of the 8 data I/O signals is controlled by the Chip Enable 
(CE) and Output Enable (OE) control signals. 


WRITE MODE 


The MK4802 is in the Write Mode whenever the Write 
Enable (WE) and Chip Enable (TE) control inputs are in the 
low $tate. 


The WRITE cycle is initiated by the WE pulse going low 
provided that CE is also low. The leading edge of the WE 
pulse is used to latch the status of the address bus. 


NOTE: In a write cycle the latter occurring edge of either WE 
or TE will determine the start of the write cycle. Therefore 
tas. twyp_and tan are referenced to the latter occurring 
edge of CE or WE. Addresses are latched at this time. Al 
write cycles whether initiated by CE or WE must be 
terminated by the rising edge of WE. Ifthe output bus has 
been enabled (CE and OE low) then WE will cause the 
output to go to the high Z state in tyyez- 


Data In must be valid tngywy prior to the low to higt 
transition of WE. The Data In lines must remain stable for 
tDHW after WE goes inactive. The write control of the 
MK4802 disables the data out buffers during the write 
cycle; however, ÖE should be used to disable the data ou: 
buffers to prevent bus contention between the input datz 
and data that would be output upon completion of the write 
cycle. 
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M5M5117P 16,384 bit static CMOS RAM 


W5M5117P is a 2048 word by 8 bit static RAM fabricated with the silicon (gate CMOS 
:rocess and designed for low power dissipation and easy application of battry back-up. 
Zutput-enable input (OE] is provided. 


AU) 

-EATURES A6 2 

"3st access time M5M5117P-12 120ns A5 O3 

M5M5117P-15 150ns Aa 04 

M5M5117P 200ns "2305 

_2w power dissipation Active .60mA max. R2 6 

Standby 304uA max. Al 7 

AO U8 

Sngle 5V power supply DQ1 9 
-„ily static operation DQ2 
D03 
2= input useful for bus contention control. GND 


isme pin configuration as NMOS 2Kx8 bit static RAM (M58725P) 


OPERATION MODE 


ENEIEEE 
EWERES 
Bere 
Ta Je fees Tran [eu 
EEREENELGETE 


r 
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MSM5117P 16,384 bit static CMOS RAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter Conditions 


Supply voltage 
v Annutsvyoltape Kith respect to 
Vo Output voltage 
Pd 
Topr 


Power dissipation Ta=25°C 


Operating free-air 
bijent temperature 


Symbol 
Supply voltage 4.5 5 | 2 


ELECTRICAL CHARACTERISTICS (Ta=0 -70° C,Vcec=5V210% ‚unless otherwise noted) 


= 
Symbol Parameter Test conditions [Min ] 
VoH | High level output voltage Top? mA 2.4 
Vor |Low level output voltage Igj* mA 


1j Input current Vj=OrVecc 
I 


02 |Off state output current S or OE=Vıy 
V1/0=0 __Vcc 


EEE Zu 
a] mm ann TER ame 
Eu 
5 


f=1MHz 
Output capacitance 


VIJ=SGND Vi=25mV ıms. 
f=1MHz 


- 
EERREENEEN: 
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M5SM5117P 16,564 bit static CMOS RAM 


SWITCHING CHARACTERISTICS (FOR RI:AD CYCLE) (Ta=0-70°C, Vec=5V210$) 


| poramoier | 
Read cycle time 120 | | 
Address access time | 
Chip select access time 


MSMS117P-I2 MSM5S117P-15 


TIMING DIAGRAM FOR READ CYCLE 


40-A)0 


u tgy(AD) 


ol 


DQ1- DQB tpzx(S) 
(Dout). 


“= H Level 
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MSM5117P 16,384 bit static CNOS RAM 


TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta=-0 70C, Vec=5V+)0%) 


Parameter 


Write pulse widıh 


tpxz(OE] Output disabje time from OE 
tpzx(W) | Output enable time from W 
tpzx(OE] Output enable time from DE 


TIMING DIAGRAM FOR WRITE CYCLE 


tc(h) 


Note 


AOrAIO (1)Ratching indicates 
do not care. 
(2)Write operation occurs 


during the overlap of 


ol 


low W signal and low 


chip select signa]. 


(3)1f the chip select tr- 
ansition occur simul- 
taneously with the ® 
signal,the data out 

terminals remain in a 


high impedance state. 
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MITSURISHIL! is 


MSM5117P 16,384 bit static CMOS RAM 


POWER DOMN OPERATION (Ta=0 270°C unless otherwise notcd) 


ondıt)ons in 
Se 


Chip select input voltage 


Power-down supply current 


TIMING REQUIREMENT 


Paramet 
Pegel 


v1(5) 


Vorr= 3V.2]] npurs 


Power-down setup time 


Power-down Tecovery time ca) I Ins | 


TIMING DIAGRAM 


Vcc 


tsu(PD) 


ol 
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PRELIMINARY 


FEATURES 


D Organized as 2048 x 8 bits 
D High Performance 


| Partnumber | Accesstime | Cycle time | 


MK4816-1 


120 nsec 
MK4816-2 150 nsec 
MK4816-3 200 nsec 


D Single +5V + 10% power supply 
D On-Chip Substrate Bias Generator 


D Low Power - 150 mw Active 
25 mw Standby 


215 nsec 
270 nsec 
360 nsec 


DESCRIPTION 


The MK4816 uses MOSTEK’s N Channel Silicon Gate 
process and advanced circuit design techniques to 
package 16,384 bits of Dynamic RAM on a single 
chip. The MK4811 is the first available 5V-only 
Dynamic MOS RAM and the first wide-word Dyna- 
mic. RAM designed specifically for use in present and 
future generation microprocessor systems. Organized 
as 2048 words x 8 bits, the MK4816 utilizes 
MOSTEK’s Edge Activated TM design techniques to 
provide a low-power, high-performance, cost-effective 


BLOCK DIAGRAM 


MOSTEK 


2Kx8 DYNAMIC RAM 


. MK4816(P) Series 


D 128 Refresh cycles/2msec 

D All Pins TTL Compatible 

D 28 Pin ROM/PROM compatible package 

D Built in Refresh Multiplexer and Refresh Addres 
Counter 

DD Power Down (Standby) Refresh Mode 

OD Automatic Precharge for minimum cycle time 


OD Latched Address and CS and independent OEfo 
easy interface in any microprocessor system 


RAM that includes many features designed to min! 
mize external interface circuitry while maintainint 
the internal efficiency of a Dynamic RAM. 


The MK4816 requires only a single +5 volt (+ 10% 
power supply and is fully TTL compatible on all ir- 
puts and outputs. A single Refresh pin allows flexibk 
control of single cycle refresh, burst mode refresh, o 
automatic refresh in battery back-up mode. Commor 
data I/O and independent Chip Select and Output Er- 
able controls permit easy interface to either seperatz 
or multiplexed address and data bus systerns. 


PIN OUT 


WE 
N/C 
A7 
A6 
AS 
Aa 
A3 
A2 
Ai 
AO 
v01 
02 
03 
vss 


MK4816 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative t0 VSS........ cc ce onsenneeeeen seen enr nennen nenne nen —1.0V t0 +7.0V 
Operating Temperature TA (Ambient) .......22222@2esseeeneneeerar ernennen nenne 0°C to +70°C 
Storage Temperature (Ambient) (Ceramic). ..... 222222 coeeeeneeeneeenne rennen ne 65°C to +150°C 
Power. Dissißätlon'.....:...... 2.0. ee ee ee Bade REDET ee IE 1 Watt 
Short:.Circuit Output Current v....:.:.0. a een ann Reine ren e 20mA 


* Stresses greater than those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
tunctional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
0°C<TA<s+70°C) 


SYMBOL PARAMETER 
Supply Voltage 


Supply Voltage 


Logic *'1' Voltage All Inputs 
Logic ‘0’ Voltage All Inputs 


IC ELECTRICAL CHARACTERISTICS] 
SC<TAS<+ 70°C) (Vec = 5.0 volts + 10%) 


PARAMETER MIN 
Average Vcc Power Supply Current 
(tce = tcc min) i 
Average VCc Power Supply Current 
(Standby) 
10 


Input Leakage Current (Any Input) _ 


Output Leakage Current 


Output Logic “1” Voltage IQUT=-1ImA 
Output Logic “0” Voltage IoUT=4mA 


ıC ELECTRICAL CHARACTERISTICS]I 
OC<TA< + 70°C) (Vec = + 5.0 volts + 10%) 


PARAMETER TYP 


Input Capacitance 
Output Capacitance 


Au woltages referenced to Vss. 
. wessured with OV SV S5V 
- Iatput open circuit (CE high) 
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ELECTRICAL CHARACTERISTICS 
(0’C< Tas 70°C) (Vcc = 5.0V # 10%) 


SYMBOL) 


PARAMETER MK4816-1 16-3 


ni 


Read, Write, or Refresh Cycle Time 


UNITS |NOTES 


IN| MAX |MIN| MA 
270 
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Refresh Pulse Duration - Single Cycle 
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te 
tce 


CE 7 
tase in = to 
hooRess Ba a 


A 
tceA 
VALID 
vo DATA OUT 


tc 
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r& CE 
sE £# 


om N 


cs ME 

WSc WHC 
Ber two 
We ol 


tpsc tDHC 


VALID 
de) DATA IN 
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3EFRESH BEFORE READ (OR WRITE) CYCLE COMPLETE 
LATCHED REFRESH — SINGLE CYCLE) 


” ER 

a0 u an sinn 
ie Pd 4 
a Ru nme we 
a IE: > 


AUTO REFRESH MODE 


CE A 


RFSH 


Internal Auto Refresh Mode 
taRrA 1. ngle Refresh Cycle Appr oximately Eve ery 15 usec 


Only RFSH Input Recognized In o Refresh Mode 


OPERATION 
ADDRESSING 


The 11 address bits required to decode 8 of the 
16,384 memory cell locations within the MK4816 are 
latched into the on-chip address latches by the high- 
to-low transition of Chip Enable (CE). Thus, the 
unique address specified by the 11 Address Inputs 
(An) define which 1 of 2048 bytes of data is to be 
accessed. Chip Enable also latches internally the state 
of Chip Select (CS). For a device to be selected, CS 
must be low during the high-to-low transition of CE. 
After the specified hold time, the Addresses and CS 
may be changed in anticipation of the next cycle. 


ACTIVE CYCLES 


The MK4816 can perform three types of_active 
cycles, determined by user control of CE, ÖE, 65, 
WE, and ÄFSA. The cycles are READ, WRITE, and 
REFRESH. the MK4816 executes an automatic pre- 
charge at the end of any active cycle in preparation 
for the next active cycle. After the automatic pre- 
charge cycle is complete, the device will be in the 
standby mode until another active cycle is initiated. 


READ CYCLE 


A READ CYCLE is initiated_by Chip Enable (CE) 
going low with Chip Select (CS)low and Write Enable 
(WE) high. The cycle is complete when data is output 
(DE = LOW) or by CE going high. Completion of 
the cycle initiates the automatic precharge cycle. 


Data Out will become_valid at access time provided 
that Output Enable (08) is low. If OE is high at 
access time valid data will not appear at the output 
terminals although the data will be available to the 
output data buffers. Access time from OE is approxi- 
mately 30% of CE access_time, allowing adequate 
time for system decode of OE. ıf during the same CE 
cycle OE is taken high the outputs will be disabled; 
however, valid data may be reaccessed by taking öE 
low again. 


At the end of the READ CYCLE, CE_going high 
unlatches the output. If both CE and OE are held 
low, data out will be valid indefinitely. The trailing 
edge of CE is non-critical in that it can be taken high 
any time after meeting the minimum CE pulse width 


(tce). 


After valid data is output (CE = ÖE = LOW, t > 
tACCESS), the MK4816 will initiate an automatic 
precharge cycle in preparation for the next active 
cycle. If DE does not go low to permit valid data out, 
precharge will be initiated by CE going high. The next 
active cycle may be initiated after the minimum cycle 
time (TC) and the minimum precharge time (Tp) have 
been satisfied. 


WRITE CYCLE 


A WRITE CYCLE is initiated by Chip Enable (CE) 
going low with Chip Select (C$) low and Output 
Enable (ÖE) high. The cycle is complete when data is 
written into the memory array (WE = LOW) or by CE 
going high. Completion of the cycle initiates the auto- 
matic precharge cycle. 


Data may be written into the memory locations speci- 
fied by the address by either an EARLY WRITE 
CYCLE or a LATE WRITE CYCLE. The type of 
WRITE CYCLE is determined by the relative timing 
of the high-to-low transitions of CE and WE. 


In an EARLY WRITE CYCLE, WE and Valid Data In 
must be true with the specified setup and hold times 
relative to the high-to-low transitions of CE. Upon 
completion of the WRITE operation, the MK4816 
will initiate an automatic precharge cycle in prepara- 
tion for the next active cycle. The next active cycle 
may be initiated after the minimum cycle time (Tc) 
and the minimum precharge time (Tp) have been 
satisfied. 


Ina LATE WRITE CYCLE, the high-to-low transition 
of CE will _latch the Addresses and CS internally; 
however, WE may be delayed as much as 5us to allow 
for more flexible system timing requirements. Valid 
Data In must be true with the specified setup and 
hold times relative to the high-to-Iow transition of 
WE. In this case, the LATE WRITE CYCLE is initi- 
ated by the high-to-low transition of WE. Upon com- 
pletion of the WRITE operation (or upon CE going 
high, should WE not go low) precharge will be initia- 
ted. The next active cycle may be initiated after the 
minimum cycle time (Tc) and the minimum pre- 
charge time (Tp) have been satisfied, 


REFRESH CYCLE 


The MK4816 can perform several types of REFRESH 
cycles, depending upon system requirements and/or 
user preference. As in other dynamic RAMS any 
active cycle performs refresh. Independent of the 
type of REFRESH cycle selected, 128 refresh cycles 
must be executed during each 2msec refresh interval. 
The user may specify the Refresh Address, or the Re- 
fresh Address generated by the internal Refresh 
Counter may be used. 


EXTERNAL REFRESH ADDRESS (RFSH = HIGH) 


This refresh mode is identical to the refresh mode of 
the MK4116. The ROW address specified by AQ - A6 
defines the memory locations to be refreshed. A 
READ CYCLE or WRITE CYCLE at each of the 128 
unique ROW addresses specified by Ag - Ag must be 
executed during each 2 msec refresh interval. These 
REFRESH CYCLES may be either distributed or 
burst mode. 
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INTERNAL REFRESH ADDRESS (RFSH = 
PULSED LOW) 


Systern refresh logic may be simplified or eliminated 
by utilizing the internal refresh control logic of the 
MK4816. This REFRESH CYCLE is initiated by an 
active low pulse applied to the Refresh pin (RFSH). 
The RFSH pulse may occur during an active cycle or 
during Standby. In most microprocessor systems, it 
may be conveniently generated with each Instruction 
Fetch Cycle. (The MK3880 provides a RFSH output 
signal that connects directly to the RFSH input of 
the MK4816. Thus, the RAM appears totally static to 
the system.) 


If the RFSH pusle occurs during standby, the 
REFRESH CYCLE will be initated immediately. If 
the RFSH pulse occurs during an active cycle, the 
RFSH command will be latched internally, and the 
LATCHED REFRESH CYCLE will be initated upon 
completion of the automatic precharge of that active 


cycle. 


During the internally controlled REFRESH cycle, the 
Refresh Address specified by the internal Refresh 
Counter will be multiplexed onto the ROW address, 
the REFRESH CYCLE will be executed, and the 
internal Refresh Counter will be incremented. Upon 
completion of the REFRESH CYCLE, the MK4816 
will initiate an automatic precharge cycle in prepara- 
son for the next active cycle. Another active cycle 


may _ begin after the minimum cycle time (Tc) if 
RFSH is generated during standby. If a LATCHED 
REFRESH CYCLE is executed, two cycle times 
(2TC) and the minimum precharge time (Tp} must be 
satisfied prior to the next active cycle. These 
REFRESH cycles may be either distributed or burst 
mode, 


POWER DOWN AUTO REFRESH (RFSH = LOW) 


For either power down (battery back-up) operation 
or microprocessor single-step operation, it is con- 
venient to utilize the AUTO REFRESH mode of the 
MK4816. The AUTO REFRESH mode is initiated by 
maintaining RFSH in the low state. If RFSH remains 
low longer than 20 usec, the MK4816 will automa- 
tically initiate a single Internal Refresh Address RE- 
FRESH CYCLE approximately every 15 usec_until 
the AUTO REFRESH mode is terminated by RFSH 
going high. During the AUTO REFRESH mode, all 
inputs except RFSH are inhibited. 


Valid Data Out from a previous READ CYCLE may 
be maintained on the I/O pins so long as CE and OE 
remain low from that cycle. Once the outputs are dis- 
abled by either CE or OE going high, the Valid Data 
Out may not be reaccessed, since the CE and OE 
inputs are inhibited. 
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| MOS 65536-BIT 
0A 0 0-13 DYNAMIC RANDOM WLLEYLTNTT 
171111) ACCESS MEMORY 


October 1978 


65,536-BIT DYNAMIC RANDOM ACCESS MEMORY pen 


The Fujitsu MB 8164 is a fully decoded, dynamic NMOS random access Be‘ in — 
memory organized as 65536 one-bit words. The design is optimized for PN EL 

high-speed, high performance applications such as mainframe memory, buffer Pad) 
memory, peripheral storage and environments where low power dissipation and 
compact layout is required. 


Multiplexed row and column address inputs permit the MB 8164 to be housed 
in a standard 16 pin DIP. Pin-outs conform to the JEDEC approved pin out. 


The MB 8164 is fabricated using silicon gate NMOS and Fujitsu’s advanced 
Double-Layer Polysilicon process. This process, coupled with single-transistor 
memory storage cells, permits maximum circuit density and minimal chip size. 
Dynamic circuitry is employed in the design, including the sense amplifiers. 


Clock timing requirements are noncritical, and power supply tolerances are 
very wide. All inputs are TTL compatible; the output is open drain. 


e 65,536 x 1 RAM, 16 pin package ® All inputs TTL compatible, low 
e Silicon-gate, Double Poly NMOS, capacitive load 


single transistor cell @ Open drain output CASE DIPI6-A 
© Row access time, © "Gated’” CAS CERAMIC PACKAGE 
120 ns max (MB 8164H) © 128 refresh cycles | 
150 ns max {MB 8164E) © Common I/O capability using 
200 ns max (MB 8164N) "Early Write” operation = 
© Cycle time, © Output unlatched at cycle end 
320 ns min (MB 8164H) allows extended page boundary PIN ASSIGNMENT 
320 ns min {MB 8164E) and two-dimensional chip select 
330 ns min (MB 8164N} © Read-Modify-Write, RAS-oniy 
® Low power: 385 mW active, refresh, and Page-Mode capability 
20 mW standby (max) ® On-chip latches for Addresses 
e 310% tolerance on +7 volt supply and Data-in 
® +0.5 volt tolerance on —2,5 volt 
supply 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating Symbol Value Unit 

Voltage on any pin relative to Vgs Vin. Vour | -0.5 0 +13 v 

Voltage on Von Supply relative t0 Vgs \ Voo !-05 10 +9 V 

Vas — Vss (Voo - Vss >? 0V) n = 0 V 

Storage temperature i "Tstg -55 t0 +150 | °C | 

Power dissipation i Po £ 1.0 w 

Short circuit output current Ei 50 mA .. 

This device contains eircuitry to protect the 


inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to no : C 
the conditions as detailed in the operational sections of this data lm rated voltadht ra’ tnur Do imbadanae 
sheet, Exposure to absolute maximum rating conditions for extended ;_eireuit, _ 
periods may affect device reliability. 


218 


BREBLUNLN 
FUJITSU 


HERE MB BI16AN/E/H 


I 
ol 


ADDRESS 
BUFFERS 


RAS CLOCK GEN. 
NO. 1 


Fig. 1 — MB 8164 BLOCK DIAGRAM 


CLOCK GEN. 
NO. 2 


SENSE AMPS 
VO GATING 


Dour 


65,536 BIT 
STORAGE CELL 


ROW DECODER 


CAPACITANGCE (1, = 25°c) 


Parameter 


Input Capacitance Ay—A,, Din 


Input Capacitance RAS, CAS, WE 


Output Capacitance Dour 
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RECOMMENDED OPERATING CONDITIONS 


IHN 
FUJITSU 


MB 8164 N/E/H NIE 


(Referenced to Vss) 
Operating 
} Q . F ri 
Parameter NOTES | Symbol Min Typ Max Unit Temperature 
@| Voo 6.3 70 7.7 V 
Supply Voltage M| Vss 0 0 0 V 
D| Vas -2.0 -2.5 -3.0 V 


ViHc 


ge ntei aee ee Teer] 0°C to +70°C 
Input High Voltage RAS, CAS,WE M 2.4 _ 6.5 V 


Input High Voltgeexceptt MN fi 
RAS CAS, WE Var 2.2 6.5 V 
Input Low Voltage, all inputs B| Vır -1.0 _ 0.8 v 
Note: 
1) All voltages are referenced to Vss. 
STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
Parameter ' Symbol ' Min Max Units 
en ER 5 et - a EPG: SER 
OPERATING CURRENT | Iooı 55 | mA 
Average power supply current (RAS, CAS cycling; tac = min) lası 400 pA 
PER RR FREE + 
STANDBY CURRENT loo2 I 25 mA 
; | 
Power supply current (RAS = CAS = Viuc) Ia82 100 | A 
\ 
REFRESH CURRENT idas 0 | mA 
Average power supply current (RAS cycling, CAS = Viuc;tac” min) Iae3 400 HA 
Nee! 
PAGE MODE CURRENT 1004 30 | mA 
Average power supply current (RAS = V,|, CAS cycling, tpc = min) I664 400 yA 
EREGEONIRR k Dans PEHERR, 
INPUT LEAKAGE CURRENT | 
Input leakage current, any input (Vaa = -2.5V, OVSVnS7V, hu -10 10 yA 
all other pins not under test = OV) | 
OUTPUT LEAKAGE CURRENT | 
lou -10 10 uA 
(Data out is disabled, OVSVoyur&7V) 
je a tr I m H 
OUTPUT LEVELS | 
VoL 0.4 v 
Output low voltage (loı = 12 mA) n 


BSR) 
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DYNAMIC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


[NOTES23.A) 


MB 8164N MB 8164E MB 8164H 
Parameter Symbol Units 

Time between Refresh taErF ms 
Random Read/Write noven Time | 3390 | ns 

E 
Page Mode Cycle Time — ns 
Access Time from RAS EM | taac 120 ns 
Access Time from CAS 0 | tcac | 80 ns 
Output Buffer Turn Off Delay torf 0 0 35 ns 

| Transition Time tr 3 3 |s ns 
RAS Precharge Time tap 120 100 ns 
RAS Pulse Width tAas 200 120 | 32000 | ns 
RAS Hold Time tasH 135 80 ns 
CAS Precharge Time tcp 80 60 ns 
CAS Pulse Width tcas 135 80 10000 | ns 
CAS Hold Time tcsH 200 120 ns 
RAS to CAS Delay Time 88 | taco 35 65 30 50 23 |I# ns 
| CAS to RAS Precharge Time tcar [e) 0 ns 

RK Row Address Set Up Time tasa 0 0 ns 
| Row Address Hold Time tRAH 25 20 15 ns 
Column Address Set Up Time tasc 0 0 0 EI: 

„„.Colümn Address Hold Time tcaH 55 45 40 ns 

L Column Address Hold Time Referenced to RAS 120 95 80 ns 

| Read Command Set Up Time 0 0 0 ns | 

r Read Command Hold Time 0 0 0 ns | 

g Write Command Set Up Time Te -10 -10 0 ns | 

n Write Command Hold Time 55 45 40 ns 

„Write Command Hold Time Reference to RAS 120 95 80 ns 

| Write Command Pulse Width 55 45 40 ns 

: Write Command to RAS Lead Time | tawL 80 60 60 ns 

' Write Command to CAS Lead Time tewL 80 60 60 ns 

Data In Set Up Time tos 0 I To | 0 ns 
Data In Hold Time Referenced to RAS | tonn| 95 80 ns 
CAS toWE Delay | tcwo et 70 — 60 ns 
RAS to WE Delay en — 100 ns 
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Notes: 


2) Several cycles are required after power up before 
proper device operation is achieved. Any B cycles 
which perform refresh are adequate for this purpose. 


3) Dynamic measurements assume tT=5ns. 


4) Vıuc (min) or Vıy (min) and VıL (max) are reference 
levels for measuring timing of input signals. Also, 
transition times are measured between Viyc or Vin 
and ViL- 


5) Assumes that taco Staco (Max). Iftaco is greater 
than the maximum recommended value shown in this 
table, taac will increase by the amount that taco 
exceeds the value shown. 


6) Assumes that taco>trco (max). 
7) Refer to test conditions. 
8) Operation within the tacp (max) limit insures that 


READ CYCLE TIMING DIAGRAM 


9 
10) 


taac max) can be met. taco {max) is specified as a 
reference point only; if taco is greater than the 
specified taco (max) limit, then access time is 
controlled exclusively by tcac- 


taco (min) = taan (min) + 2tr (tr =5ns) + tasc (min) 


twcs. tcwp and tawo äre not restrictive operating 
parareters. They are included in the data sheet a 
electrical characteristics only. If twcs>twcs {min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
entire cycle. 

if tewD>2tcwD (min) and IAWD2tRWD (min), the 
cycle is a read-write cycle and data out will contain 
data read from the selected cell. If neither of the above 
sets of conditions is satisfied the condition of the data 
out is indeterminate. 


ADDRESSES 


Dout 
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N WRITE CYCLE (EARLY WRITE) 


RAS 

cas 
N 
! 

v 

ADDRESSES (| ADDRESS 
‘ 
; WE 
n 
| 

Din 
i Dour VoH- OPEN 

u 
1 VoL- 
m] Don’t Care 


READ-WRITE/READ-MODIFY-WRITE CYCLE 


tawc 


taas 


Gas ViHc- 


Va 
ADDRESSES 
IıLZ 


Dout 


DO Don't Care 
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"RAS-ONLY” REFRESH CYCLE 
NOTE: CAS = Vinc, WE = Don't care 


ROW 
ADDRESS 


OPEN 
VoH- 


VoL- 


u) Don’t Care 


ADORESSES 


Dour 


PAGE MODE READ CYCLE 


Vinc- 
VıL- 

SE tcsH 4 — | 

m tpc 
taco! Licas prter tcas 

Vinc- N | 
ViL- t B 

AAH 

tCAH : tcAH h 
ASC ASC| 
t t 
Asa —jmtase j 
Vin FROWL/\Y COL‘Y coL } 
ViL- ADD ADD ADD 
| M—tcac | —-cae 
toFF 

M———trac 
VoHn- 
2 on 17 \ 
VoL- 

tacs 

tacs 

Vinc- 


Vıu-. 


U Don't Care 
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PAGE MODE WRITE CYCLE 


Pr -tonn— _ 


U Don't Care 


DESCRIPTION 


Address Inputs: 

A total of sixteen binary input address bits are required to 
decode any 1 of 65536 storage cell locations within the 
MB 8164. Eight row-address bits are established on the 
input pins (Ao through A,) and latched with the Row 
Address Strobe (RAS). The eight column-address bits are 
established on the input pins and latched with the Column 
Address Strobe (CAS). All input addresses must be stable 
on or before the falling edge of RAS. TAS is internally 
inhibited (or "gated”) by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time (tRan) 
specification has been satisfied and the address inputs 
have been changed from row-addresses to column- 
addresses. 
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Write Enable: 

The read mode or write mode is selected with the WE 
input. A logie high (1) on WE dictates read mode; logic 
low(0) dictates write mode. Data input is disabled when 
read mode is selected. WE can be driven by standard TTL 
circuits without a pull-up resistor. 


Data Input: 

Data is written into the MB 8164 during a write or 
read-write cycle. The last falling edge of WE or CAS is a 
strobe for the Data In (Din) register. In a write cycle, if 
WE is brought low (write mode) before CAS, Din is 
strobed by CAS, and the set-up and hold times are 
referenced to CAS. In a read-write cycle, WE will be 


EN 
FUJITSU 


MB 8164N/E/H NEN 


delayed until CAS has made its negative transition. Thus 
Din is strobed_by WE, and set-up and hold times are 
referenced to WE. 


Data Output: 

The output buffer is open drain type. Data-out is the same 
polarity as data-in. The output is in a high impedance 
state until CAS is brought low. In a read cycle, or 
read-write cycle, the output is valid after taac from 
transition of RAS when taco {max} is satisfied, or after 
tcac from transition of CAS when the transition occurs 
after taco (max). Data remain valid until CAS is returned 
to a high level. In a write cycle the identical sequence 
occurs, but data is not valid. 


Page Mode: 

Page-mode operation permits strobing the row-address 
into the MB 8164 while maintaining RAS at a logic 
low (0) throughout all successive memory operations in 
which the row-address doesn’t change. Thus the power 
dissipated by the negative going edge of RAS is saved. 
Further, access and cycle times are decreased because the 
time normally required to strobe a new row-address is 
eliminated. 


Refresh: 
Refresh of the dynamic memory cells is accomplished by 
performing a memory cycle at each of the 128 row- 
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addresses (Ao-A,) at least every two milliseconds. RAS 
only refresh avoids any output during refresh because the 
output buffer is in the higt, ımpedance state unless CAS is 
brought low. Strobing each of 128 row-addresses with 
RAS will cause all bits in each row to be refreshed. 
Further RAS-only refresh results in a substantial reduc- 
tion in power dissipation. 


Fig. 2 -— DYNAMIC TEST CONDITIONS 
4.5V 
$ 3002 
Dourt 
100pF $ soon 
77 
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TYPICAL CHARACTERISTICS 


Fig. 3 


Fig. 4 
400 
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n 
oO 
(=) 


POWER (mW) 
Igstavı (uA) 


_ 
oO 
oO 


Fig.5 Fig.6 
150 

Van = -2.5V VaB = -2.5V 
taco = 20. ns tacp = 100. ns 
Ta= 35°C Ta = 25°C 

E 2 

[9] [8] 

£ 5 
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PACKAGE DIMENSIONS 


16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-A) 


R .06011.27) REF 


.287 (7.29) 
.299 (7.59) 


m 


7 E* 11.27) MAX 
.070 11.70) 
.088 (2.24) 


T6ONI.M____._..... — 
‚800 (20.32) 


Inch .200 (5.08) MAX 


‚020 (0.51) | .120 (3.06) 
043 (1.101 | .140 (3.56) 


.008 (0.20) 
.012 10.30) 


‚090 (2.29) 
.110 (2.79) 


‚032 (0.01) 
REF 


mi 


r 


.042 (1.07) 
.062 (1.58) 


.700 (17.70) REF 


‚015 (0.38) 
.023 (0,58) 


MEN 
FUJITS 
MB 8164N/E/H INES 


‚290 (7.37) 
‚310 (7.87) 


Dimensions in 
inches (millimeters) 


Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; conse- 
quently, complete information sufficient for construction pur- 
poses is not necessarily given. The information has been carefully 
checked and is delieved to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semicon- 
ductor devices described herein any license under the patent 
rights of Fujitsu Limited or others. Fujitsu Limited reserves the 
right to change device specifications. 
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8202 


Y>) 
75 
& FR 
IN, 
DYNAMIC RAM CONTROLLER da, 


m Provides All Signals Necessary to- m Provides Transparent Refresh Capability 
Control 2104A, 2117, or 2118 Dynamic 
Memories s Fully Compatible with Intel® 80804, 

a Directiy Addresses and Drives Up to 8085A and 8086 Microprocessors 


128K Bytes Without External Drivers 
u Provides Address Multiplexing 
and Strobes 
ws Provides a Refresh Timer and a 
Refresh Counter 
u Refresh Cycles May be Internally or 
Externally Requesied m Internal or External Clock Capability 


m Decodes 8085A Status for Advanced 
Read Capability 


m Provides System Acknowledge and 
Transfer Acknowledge Signals 


ne 8202 is a Dynamıc RAM System Controller designed to provide all signals necessary to use 2104A, 2117, or 2118 
Dynamic RAMs in microcomputer systems. The 8202 provides multiplexed addresses and address strobes, as well as 
=tresh/access arbitration. Refresh cycles can be started internally or externally. 


PIN CONFIGURATION 8202 BLOCK DIAGRAM 


Vec BER 
AHs AHo.6 MULTIPLEXER OUTos 
AH& 
KıICLK REFRESH 

COUNTER 
XolOP2 
TNK 
REFROIALE 
PcS u E 

a he aa w 
Abısı . ee 
W Bı/OP, cas 
SACK AD/SI RAS 
KACK WA u RAS: 
we EEE END: RASz 
CAS 
RAS3 
AKS3 
XACK 

B4/OPı REFRESH 
Bo TIMER SACK 
RAS, 
RAS, 


RASo Le ng 


x, /CLK 


OSCILLATOR 
TNK 


EL ZBEMORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIACUITAY OTHER THAN CIRCUITAT EMBODIED IN AN INTEL PRODUCT NO OTHER CIACUIT PATENT LICENSES ARE IMPLIEO 
use CORPORATION. 1976 December 1978 
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PIN DESCRIPTIONS 


5 


Pin Name # wvO Pin Descriplion Pin Name # vO Pin Description “2 


ALo 6 I Low-Order Address. These Address ADS 32 I Read/Sı input. This input is usedto 

Alı 8 I inputs are used to generate Ihe Aow request a read cycle. In normal 

AL2 10 I Address for the Multiplexer. If the operation, a low on this input in- 

AL3 12 I AL8/OP3 input is pulled to +12V forms the arbiter that a read cycle is 

Ala 14 t through a 5KN resistor, the 8202 requested. In the Advanced Read 

Als 16 I configures itself for 4K RAMs. If Mode, this input is designed to 

Ale/OP3 18 I AL®/OP3 is driven with TTL levels, accept the S1 status signal from the 
Ihe 8202 configures itself for 16K 8085A (fully decoded foraread). The 
RAMs. trailing edge of ALE informs the 

AHo 5 I High-Order Address. These Ad- arbiter that a read cycle is re 

AHı 4 1 dress inpuls are used to generate ur, quested by lalching Sı. 

AH2 3 I the Column Address tor the Multi- WR 31 I Write Input. This input is used to re- 

AH3 2 I plexer. If the 8202 is configured for quest a write cycle. Alow on this in- 

AH4 1 t 4K RAMs, AHe can be used as an put informs the arbiter that a write 

AHs 39 1 activehigh Chip select for the mem- cycle is desired. 

AH6 38 I ory controlled by 8202. For 16K PCS 33 1 Protected Chip Select. Alow on this 
RAM operation, AHs becomes the input enables the WA and AD/Sı in- 
most significant column address bit. puts. PCS is protected against ter- 

OUTo 7 © Output of the Multiplexer. These minating a cycle in progress. 

ourı 9 © outputsaredesignedtodrivethead- nAEFRO/_ 34 1 Refresh Request/Address Latch En- 

OUT? 110 dresses of the Dynamic RAM array. ALE able. During normal operation, a 

OUT3 130 For 4K RAM operation, OUTs is de- high on this input indicates to the 

OUTa 15 O signed lo drive Ihe 2104A CS input. j arbiter thal a refresh cycle is being 

OuTs 17. O {Note that the OUTo-s pins do not requested. In the Advanced Read 

UTe 19 OO require inverters or drivers for Mode, this input is used to latch the 

u proper.operation, state of the 8085 $1 signal into the 

WE 28 O Write Enable. This output is de- RD/Sı input. If Sı is high at this 
signed to drive the Write Enable in- time, a Read Cycle is requested. In 
puts of the Dynamic RAM array. this mode, transparent refresh is not 

CAS 27 __O Column Address Strobe. This out- possible. 
put is used to latch the Column XACK 29 O Transfer acknowledge. This outpul 
Address into the Dynamic RAM is a strobe indicating valid data 
array. during a read cycle or data written 

RASo 21 _O Row Address Strobe. These outputs during a write cycle. XACK can be 

RASı 22 _O are used to latch the Row Address used to latch valid data from the 

RAS2 23 _O into the bank of dynamic RAMs, RAM array. 

AAS3 26 O selected by the 8202 Bank Address SACK 30 O System Acknowledge. This output 
pins (Bo, B1/OP1) indicates the beginning of amemory 

Bo 24 1 Bank Address. These inputs are access cycle. It can be used as an 

B/OPı 25 1 used to select one of four banks of advanced transfer acknowledge Io 
dynamic RAM via the RASo-3 out- eliminale wait states. (Note: It a 
puts. If the BV/OPı input is pulled to memory access request_is made 
+12V ihrough a 5Kfl resistor, the during a refresh cycle, SACK is de- 
8202 configures itself to the Ad- layed until XACK in the memory 
vanced Read mode. This mode access cycle). 


changes the function of the 8202 X0/OP2 36 Crystal Inputs. These inputs are de- 
AD/S+ and REFRO/ALE inputs and Xı/CLK 37 signed for a quartz crystaltocontrol 
disables the RASo and RASı out- the frequency of the oscillator. If 
puts. Xo/OP: is pulled to +12V through a 
IKN resistor, Xı/CLK becomes a 
TTL input for an external clock. 


TNK 35 Tank. This pin is used for a tank 
circuit connection. 

Vec 40 +5V #10% 

Vss 20 Ground. 
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BASIC FUNCTIONAL DESCRIPTION 


The 8202 consists of six basic blocks; the oscillator, the 
arbiter, the refresh timer, the refresh counter, the 
multiplexer, and the timing and control block. 


Oscillator 


The osclllator provides the basic timing for all 8202 
operations. The osclllator circuit Is designed primarily 
tor use with an external series resonanl fundamental 
mode crystal. Overtone crystals may be used with the 
tank circuit shown In Figure 1. A small capacitor (3-5) pF 
should be placed in series with any crystal to block D.C. 
stress and assure oscillation at the proper frequency. - 


| seo wırH OvERTONE 
| CRYSTALS ONLY 


The tank input to the oscillator allows the use of over- 
tone mode crystals. The tank cIrcuit shunis the crystal’s 
fundamental and high overtone frequencies and allows 
the third harmonic to oscillate. The external LC network 
is connected to the TANK input and is AC coupled to 
ground. 


Hthe Xo/OP2 pin is pulled to +12V, through a IK resistor, 
the 8202 can be drivenbya TTLciock on the X1/CLK input. 
No tank circuit is required in this mode. 


Arbiter 


The 8202 provides 3 different operational cycles: 


1. Read Cycje 
2. Write Cycle 
3. Refresh Cycle 


The read and write cycles are initiated by external 
requests (AD/Sı and PCS or WRand PCS$). Arefresh cycle 
may be initiated by the internal refresh timer, or by an 
external request (REFRQ/ALE). The arbiter resolves 
conflicts between cycle requests and cycles in execution. 
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It the B//OP, Input is pulled to + 12V through a 5KQ 
resistor (Advanced Read mode), AD/S; becomes an 
input for the S, status signal of the 80854 (fulty decoded 
tor read). REFRQ/ALE becomes an input for the ALE 
signal of the 8085 (used to latch $,. If Sı is high’ atthe 
talling edge of ALE, a read cycle will be requested. 
Transparent refresh is not possible in this mode. 


Refresh Timer 


The refresh timer is a simple timer that indicates to the 
arbiter that it is time for a refresh cycle. The refresh timer 
is reset when a refresh cycle is requested. 


Refresh Counter 


The refresh counter contains the address of the row to be 
refreshed. This counter is incremented after every refresh 
cycle. 


Multiplexer 


The multipiexer is designed to provide the dynamic RAM 
array with row addresses, column addresses and refresh 
addresses at the proper times. Its inputs consist of ALo-s, 
ALs/OP3, AHo-s, and the refresh counter. 


If ALs/OPa is pulled to +12V through a SKfi resistor, the 
8202 configures itself for 4K RAMs. In this mode, ALo-s 
provides the multiplexer with the six bit row address. AHo- 
s provides the multiplexer with the six bit column address. 


Alos 
ALL /OR, 


AHoS MULTIPLEXER > [79 


REFRESH EEE) 


COUNTER ze | 
a 


OSCILLATOR 


OUTo-5 provide the RAM array with twelve bits of 
multiplexed address. AHs can ba used as an active high 
chip select for the RAM array if OU Te drives CS. Notetthat 


the OUTo-s signals do not require inverters or drivers. 


If the 8202 is configured for 16K RAMs, Alo-s and 
AL6/OP3 provide the multiplexer with seven bits of row 


9 

Bı/orı 
Adısı 

wr 

ec5 
REFRO/ALE 


TIMING 


AND 
CONTROL 


8202 


address. AHo-s provides it with seven bits of column 
address. OUTo-s provides the RAM array with fourteen 
bits of multiplexed address. 


Timing and Control Block 


The timing and control block executes one of three 
operational cycles at the request of the arbiter (Read, 
Write, and Refresh cycles). It provides the RAM array with 
WE, CAS, and RAS signals. It provides the CPU with 
transfer and system acknowledge (XACK and SACK) 
signals. It controls Ihe multiplexer during all cycles. It 
resets the refresh timer and increments the refresh 
counter during refresh cycles. 


Inputs Bo and Bı/OPı are used to select one of four banks 
of dynamic RAM via Ihe RASo-a outputs. 


If B1/OPı is pulled to +12V through a 5KN resistor, the 
8202 configures itself to the Advanced Read Mode. This 
mode changes the function ofthe RD/Sı andREFRQO/ALE 
inputs and disables the RASo and RASı outputs. 


SYSTEM OPERATION 
The 8202 Is always in one of Ihe following states: 


1. Idle. 

2. Performing a Test Cycle. 

3. Performing a Write Cycle. 
4. Performing a Read Cycle. 

5. Performing a Reiresh Cycle. 


Idie 


When the 8202 is idle, no cycle is in progress, the arbiler 
monltors internal and external cycle requests, and the 
refresh timer counts towards an internal refresh cycle 
request. (Fig. X.1) 


While the 8202 is idie, the arbiter samples access cycle 
requests and refresh cycle requesis, internal or exter- 
nal, on the rIsing edge of clock. If both Read and Write 
cycle requests are active when sampled, a test cycle is 
started. If a write-cycle request Is active when sampled, 
a write cycle Is starled. If a read cycle request is active 
when sampled, a read cycle is started. If a refresh cycle 
request was previousiy pulsed or is active when 
sampled, a refresh cycle is started. Due to inlernal 
delays, If an access cycle request and a refresh cycle 
request occur simultaneously, the access cycle will be 
executed before the refresh cycle is execuled. 


Test Cycle 


When a test cycle is started, (Read and Write Cycle 
Requests both active when samplad) the refresh counter 
is set to zero and the delayed SACK mode is resel, while 
the 8202 executes a write cycle. This cycle is used for 
testing only and is not recommended for normal system 
operation. 
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ARBITRATION 


CYCLE-IN-PROGRESS LOOP 


START WRITE CYCLE. 
RESET REFAESH COUNTER. 
SET DELAYED SÄCK MODE. 


STAAT WRITE 
CYCLE 
START READ 
CYCLE 


1. STAAT REFRESH CYCLE. 

2. RESET REFRESH TIMER. 

3. INCREMENT REF 
ADDRESS COUNTER. 


AEQUESTED, 
ke 


INTERNAL 


EXTERNAL IOLE LOOP 


Write Cycle (Fig. X.2) 


When a write cycle is started, (Write-Cycle Request 
active when sampled) the Multiplexer drives the 
OUT 0-6 pins with the low order address. Then, if the 
delayed SACK Mode Is not set, SACK is activated. The 
row address is strobed into the selected bank of RAAMs. 
The multiplexer then drives the OUT 0-6 pins with the 
high order address and the write enable (WE) pin Is acti- 
valed. The column address is then strobed into the RAM 
array. 


Near the end of the cycle, the XACK output is activated. 
It the Delayed SACK Mode is set, SACK had the same 
timing as XACK. At the end of the cycle, all signals are 
deactivated, the Delayed SACK Mode is exited, and the 
precharge time begins. After the precharge time, the 
8202 re-enlers the idle state. The refresh timer con- 
tinues to count during access cycles. 


It the REFRG pin is pulsed or held active while a write 
cycle is in progress, a refresh cycle will occur immedi- 
ately following the wrile cycle, if the Advanced Read 
Mode is not selected. 


Read Cycle (Fig. X.3) 


Read cycle operation is Ihe same as wrile cycle opera- 
tion, except Ihe write enable (WE) signal is not activated. 


8202 


It the REFRQ pin Is pulsed or held active whlle a read ately following the read cycle, if the Advanced Read 


cycie Is In progress, a refresh cycle will occur immedi- Mode Is not selecied. Lie, 
"Fpe 


NOTE 1 


5 


ROW ADDRESS COLUMN ADDRESS ROW ADDA F 


DELAYED SACK MODE 


u: SEHR mc 


NOTE 1 


OUTgs ROW ADDRESS COLUMN ADDRESS ROW ADDR 


DELAYED SACK MODE 


AASo 3 \ / PRECHARGE \ 


KACK \ / 


Refresh Cycle (Fig. X.4) Refresh Counter. The 8202 then activales the Row 

Address Strobe (RAS 0-3) signals. At the end of the 
"hen a refresh cycle is started, (refresh-cycle request retresh cycle, all signals are deactivated, the refresh 
sreviousiy pulsed or active when sampled) the 8202 counter is incraemented, and the precharge time begins. 
esets the Refresh Timer. The Multiplexer drives the After the precharge time, the 8202 re-enters the Idie 
OUT 0-6 pins with the refresh address contained in the State. 
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8202 


a, REFRESH FRESH ADDRESS 
OUTgE ADDRESS NEXT REFRES| 


ROW ADDRA 


Hidden Refresh Cycle 


Distributed hidden refresh operation is most efficient if 
REFRQ is strobed during a command cycle such as 
fetch, where it is intended for the refresh cycle to follow. 
This is illustrated for 8085 in the following diagram. 


System Contfligurations 


Currently, there exists a wide range of processor bus 
structures, Processor speeds, and memory speeds. Asa 
result, the 8202 offers many possible sysiem configura- 
tions with equally many cost-performance tradeoffs. 


The following system block diagram illustrates just one 
of the possible system configurations supported by the 
8202: 


REFRO 
8085 4202 
Ss 
Ab Rd 
WR WA 


SYaTEM 
ACKNOWLEOGE 
LINES 


ornamıe Rau ARRAY 


DATA BUS 


Other system configurations are described In the Intel, 
Application Note AP45, “Using the 8202 Dynamic RAM 
Controller.’ Other related documents are: 


e “Intel Memory Design Handbook” (Dynamic Ram sec- 
tions). 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Blas......... 0°C t0 70°C 
Storage Temperature.............. -65°C to + 150°C 
Voltage On Any Pin 

With Respect to Ground... ........... -0.5V to +7V 
Power Dissipation....... 22222 ueoeeeeenen 1.4 Watts 


D.C. CHARACTERISTICS 
T4=0°C to 70°C; Vec=5.0V + 10%; GND=0V 


Input Clamp Voltage 
Power Supply Current 


Forward Input Current 
XCLK 
All Other Inputs 


Qutput Low Voltage 


All Olher Outputs 


Output High Voltage 
SACK, XACK 
All Other Outputs 


Input Low Voltage 
Input High Voltage 


CAPACITANCE 


Cın Input Capacltance 


Parameter Min [Mer] une] 


8202 


® AR-1, “Simplify Your Dynamic 


croprocessor 
Interface.” I 

« AP-38, “Application Techniques for the Intel Ak 
ee TR 


"COMMENT: Siresses above those listed under "Absolute Maximum 
Ratings’ may cause permanent damage to Ihe device. This is a stress 
rating only and functlonal operallon of the device at these or any other 
conditions above those indicaled In the operational sections of this 
specification Is not implied. Exposure to absolute maximum rating con- 
ditions for extended perlods may allect device rellabllity. 


Test Conditions 


lon= -1imA 
lon= -1mA 


Test Conditions 
F=1 MHz 


Varas = 2.5V, Vec=5V 
Ta=235°C 


8202 


Fa 
A.C. CHARACTERISTICS Measurements made with reepect kai -RAS,CAS, 
: B WE, OUTo - OUT; are at 2.4V and 0,8 y Kper pins are 
Ta=0°C to 70°C, Vec=5V + 10% measured at 1.5V. MG 
Loading: SACK.XACK CL= 3%0pF Er 
32 devices RAS Ars" EB ” PE 
WE CL=224 pF 
CA CL=320pF 
ip Clock (Internal/External) Period (See Note 1) REEL EN EEE: EN ns 
tac Memory Cycle Time | 10-0 | te | ns 
twcs WE Setup to CAS tp-40 Ne Denke ns. 
tap RAS Precharge Time (See Note 2) 4tp-30 ns 
tAer Internally Generated Refresh to Refresh Time || 
64 Cycle 548 tp 576 tp ns 
128 Cycle 264 Ip 288 tp ns 
tAFA REFRQ to RAS Delay 1.5 1p+30 ns 
tas Ag - Aıs to RD, WR Setup Time (See Note 4) 0 ns 
tcK RD, WR to XACK, SACK Trailing Edge Delay 30 ns 
tkcH RD, WR Inactive Hold to SACK Trailing Edge — ns 
tsc AD, WR, PCS to XICLK Setup Time (See Nole 3) I el ns 
tcx TAS to XACK Time 51p+20 ns 
tack XACK Leading Edge lo GAS Trailing Edge Time ns 
txw XACK Pulse Widih ns 
tu REFRQ Pulse Width ns 
tcHs RD, WR, PCS Active Hold Io RAS a el 2] ns 
tyw WR to WE Propagation Delay EB: ns 
tar Sı to ALE Setup Time Re ns 
ta S; to ALE Hold Time EZ ns 
tpL External Clock Low Time ns 


Notes: 

. Ip minimum determines maximum oscillator frequency. 
ip maximum determines minimum frequency to maintain 2 ms relresh rate and tpp minimum. 

. To achieve the minimum time beiween the RAS of a memory cycle and the RAS ol a refresh cycle, such as a transparent refresh, AEFRQ should be 
pulsed in the previous memory cycle. 

‚ts is not required for proper operation which is in agreement with Ihe other specs, but can be used to synchronize external signals with X/CLK if it is 
desired. 

‚It las is less Ihan O then Ihe only impaci is thal tasp decreases by a corresponding amount. 


n 


o 


a 
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A.C. CHARACTERISTICS Measurements made with respagt RAS, CAS, 
WE, OUTg - OUT; are at 2.4V änd.D.Bv, s are 
T4=0°C to 70°C, Vec=5V + 10% measured at 1.5V. K: Zu ZB /n 
Loading: SACK, KACK CL= 30 pF el, 4 
som a ea m 
wE CL=450 pF “ 
CAS CL=640 pF 
Symbol Parameter Min Units 
tp Clock (Internal/External) Period (See Note 1) 40 ns 
tRAH Row Address Hold Time I t-10 | ns 
tasr Row Address Setup Time te | ns 
IcaH Column Address Hold Time Se | ns 
tasc Column Address Setup Time tp- 35 ns 
taco RAS to CAS Delay Time 21p-10 ns 
IRSH RAS Hold Time 5 tp-30 ns 
tcas CAS Pulse Width 5tp- 30 ns 
tap RAS Precharge Time (See Note 2) 4tp- 30 ns 
IWCH WE Hold Time lo CAS 5tp-35 ns 
Internally Generated Refresh lo Refresh Time ur 
64 Cycle 548 tp ns 
128 Cycle 264 tp ns 
tca RD, WR to RAS Delay tpH + 30 ns 
tee RD, WR to CAS Delay ns 
tRFR REFRQ to RAS Delay 15 1p+30 ns 
tas Ag - Aıs to AD, WA Setup Time (See Note 4) ns 
tca AD, WA to SACK Leading Edge Ip+40 ns 
tcK RD, WR to XACK, SACK Trailing Edge Delay 30 ns 
tkcH ‚ WR Inactive Hold to SACK Trailing Edge ns 
isc RD, WR, PCS to X/CLK Setup Time (See Note 3) ns 
tcx CAS to XACK Time 5tp+20 ns 
tacKk XACK Leading Edge to CAS Trailing Edge Time ns 
Ixw XACK Pulse Width ns 
t[L REFRQ Pulse Width ns 
tcHs RD, WR, PCS Active Hold to RAS ns 
tww WA to WE Propagation Delay 50 ns 
tal Sı to ALE Setup Time ns 
tLa Sı to ALE Hold Time ns 
tpL External Clock Low Time ns 
tpH External Clock High Time En 
tpH External Clock High Time for Vec#5V 25% | te | ons 


» 


“w 


> 


. tp minimum determines maximum osciltator Iraquency. 


tp maximum determines minimum frequency 10 maintain 2 ms refresh rate and tap minimum. 
pulsed in the previous memory cycle. 


desired. 


‚Ita is less Ihan O then the only impact is that {asp decreases by a corresponding amount. 
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.To achieve Ihe minimum time between the AAS of amemory cycle and Ihe RAS ol a refresh cycle, such as a Iransparent refresh, REFRQ should be 


.tgc is not required for proßer operalion which is in agreement with the other specs, but can be used to synchronize external signals with WCLK If it is 


8202 


8202 TIMING M, RE 


ff 
NORMAL READ OR WRITE CYCLE "tn, IA 
Zn Ben, 4 AR 
"m RZ ’ 
—| Ip m, 
WCLK N 
Misc 
bauen. 0 a 
AD on WA n 
tap 
Et 
Ans © N 
Inc 
IRSH | 
Ag-Aıs 
DUTG-OUTE Kom ano H coL ADDA 
0) 0) 
sc tCAH -| 

Tas 
SACK 
KAacK 
WE (WE =VoH 


FOR A RD CYCLE) 


REFRESH CYCLE 


WELK 


REFRQ 


AAEo-RaSs 


SUTg-OUTE rowaon nee. CN COUNTER INCREMENTS TO NEXT ADDA 


(CAS = VOH) IF THE REFRESH CYCLE IS INTERNALLY TRIGGERED THEN IGNORE REFRQ. 
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8202 


ADVANCED READ MODE USING THE SIMPLIFIED 8085 INTERFACE OPTION 


WICLK 
IS 


ALE 


se SEGEN 
\\ 


ls 
Ag-Aıs 
nn 
er eo 


SUT,-OUTz 


OTHER TIMING PARAMETERS ARE THE SAME AS NORMAL MODE 
WRITE CYCLE IS THE SAME AS NORMAL MODE EXCEPT THAT XACK AND SACK GO 


INACTIVE ON THE RISING EDGE OF AL 


OUTPUT TEST LOAD CIRCUIT 


32 devices 

OUT, RAS; 
a ee | er] Mn] 
e 5 m; ie " RAT 


R, _ 2 
cas 
zem! 


pi m, = b 450 pt 
"T L = "T 


239 


2708 
8K (IK x 8) UV ERASABLE PROM 


Max. Power Max. Access 


m Low Power Dissipation — 425 mW = Data Inputs and Outputs TTL 
Max. (2708L) Compatible during both Read and 


m Fast Access Time — 350 ns Max. Program Modes 


(2708-1) a Three-State Outputs — OR-Tie 
a Static — No Clocks Required Capability 


The Intel® 2708 is an 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM, ideally suited whe= 
fast turnaround and pattern experimentation are important requirements. All data inputs and outputs are TTL cor- 
patible during both the read and program modes. The outputs are three-state, allowing direct interface with commo* 


system bus structures. 


The 2708L at 425mW is available for systems requlring lower power dissipation than from the 2708. A power dissipatio” 
savings of over 50% without any sacriflce In speed Is obtained with the 2708L. The 2708L has high input noise immuni*- 
and Is specified at 10% power supply tolerance. A high-speed 2708-1 is also avallable at 350ns for microprocessort 


requiring fast access times. 


The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is available in a 24-pin dual in-line 
package. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUT 
00-07 


rm, 
tt 


me CHIP SELECT 
aaa] LoGIc OUTPUT BUFFERS 
Y 
DECODER 5 FSATNG 


ADDRESS 
INPUTS 
x 5128 
DECODER ROM ARRAY 


PIN NAMES PIN NUMBER 


[Ao-As | ADorEsS ınpuTs ADDNESS 
[01:08 | OATA OUTPUTS/INPUTS 

11, PROGRAM | Voo Eume | vn. Vec 
(ES me | 18 19 


CHIP SELECT/WRITE ENABLE INPUT 
‚24 


GND GNO +12 u | 5 


PROGRAM | Din Fan GND | PuLsen | +12 s|#s 
| zaov 


2708 FAMILY 


>ROGRAMMING 


=e programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 


Absolute Maximum Ratings* 
"«mperature Under Bias 
Morage Temperäture 


70 With Respect to VaB . 22222220 +20V to - 
se and Vss With Respect to VBB . :: 222222 +15V to- 
= Input or Output Voltages With Respect 

to Vge During Read... 22:22 on o nenn +15V to - 
ZSWE Input With Respect to Vge 

During Programming .. 2... onen eereeren een +20V to- 
=agram Input With Respect to VBB - - - 2222220 +35V to - 
wer Dissipation . 22 Comer nennen 


-25°C to +85°C 
-65°C to +125°C 


0.3V 
0.3V 


0.3V 
0.3V 


03V 
1.5W 


"COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings’ may cause permanent damage to the device. 
This is a stress rating only and functional operation 
ol the device at these-or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure 10 absolute 
maximum ratingconditions lor extended periods may 
affecı device reliability. 


2C. AND A.C.OPERATING CONDITIONS DURING READ 


2708-6 2708L 


Temperature Range 0°C-70°C 


Vcc Power Supply 
Voo Power Supply 
Power Supply 


VeB -5V 25% 


0°C-70°C 
5V+5% | 5V25% | 5V+5% | 5V210% 
12V 25% | 12V25% 


-5V +5% 


0°C-70°C 


0°C-70°C 


12V 2 10% 


-5V+5% | -5V+10% 


3EAD OPERATION 
ZC. AND OPERATING CHARACTERISTICS 


2708, 2708-1, 2708-6 Limlis 

Symbol 

Min. Typ.@2l Max. 
_ Address and Chip Select Input SInk 

Current 

[PR Input Low Voltage Vss 0.85 
ki Ba a | 
= ans 
wotES: 


2. Typical values are for T, =25°C and nominal supply voltages. 


Min. Typ!2l Max. 


Vss 
2.2 


o 
be 


Test Conditions 
Vin =5.25V or Vin =ViL 


Vour =5.5V, CSIWE =5V 
Worst Case Suppiy Currentsl*l 
All Inputs High; 

CSWE =5V; TA=0°C 

0.65 


Vcc*! 
loL = 1.6mA (2708, 2708-1, 2708-6) 
Io =2mA (2708) 

Ion = - 100. A 

Ion = -1mA 


< 


T4=70°C 
T4=0°C 


1. Vgg Must be applied prior Io Voc and Von: Vgg must also be the last power supply switched off. 


3. The total power dissipalion is not calculated by summing Ihe various currents (Ip, Icc. and Igg) multiplied by their respective vol- 
tages since current paths exist between the various power supplies and Vss. The Ion, Icc. And Igg Currents should be used 10 deter- 


mine power supply capacity only. 


4. Ipg for the 2708L is specified in the programmed state and is 18mA maximum in Ihe unprogrammed state. 
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2708 FAMILY 


2708L 2708, 2708-1, AND 2708-6 
RANGE OF SUPPLY CURRENTS RANGE OF SUPPLY CUARENTS 
VS. TEMPERATURE VS. TEMPERATURE ACCESS TIME VS. TEMPERATURE 


ALL POBSIBLE OPERATING 
CONDITIOME: 


er 
Mn Mi 


IN 


! 
TTfL LOAD + 100pF 


| Foren | ver 


IINUAUAMN 


NUN NN 
QUINN 


SUPPLY CURAENTE imAl 
AUPPLY CUARENTE ImA} 


Chip Select to Output Delay 


Chip Deselect to Output Float 
Address to Output Hold 


CAPACITANCE |" Ta=25°C, f=1MHz A.C. TEST CONDITIONS: 


EEE Output Load: 1 TTL gate and CL = 100 pF 
[Cm _[impurCopacitance | 4 | 6 [or Ivmmov | ZEN for Inputs OBY and 24V for output 
[Gour |oumönecme | e [12 [Pr |Voor ev, 


2.8V for inputs; 0.8V and 2.4V for outputs. 
NOTE: 1. This parameter Is periodicaliy sampied and Is not 100% tested. 


Input Pulse Levels: 0.65V to 3.0V 
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AC. WAVEFORMS 


ADDRESSES 
VALID 


ADORESSES 


EI/WwE 


QUYTPUT 


NOTES: 


2. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM AND ARE NSEC 


LESS OTHERWISE SPECIFIED. 


3. MAY BE DELAYED UP TO tAcc-Ico AFTER ADDRESSES ARE VALID 


WITHOUT IMPACT ON ta: 


4. 1DF IS SPECIFIED FROM "OR ADDRESS CHANGE. WHICHEVER OCCURS 
FIRST. 


ERASURE CHARACTERISTICS 


te erasure characteristics of the 2708 family are such that 
wsrssure begins to occur when exposed to light with wave- 
engths shorter than approximately 4000 Angstroms (A). It 
s@uld be noted that sunlight and certain types of fluores- 
zent lamps have wavelengths in the 3000-4000A range. 
Zuıa show that constant exposure to room level fluores- 
znt lighting could erase the typical device in approxi- 
ately 3 years, while it would take approximately 1 week 
T cause erasure when exposed to direct sunlight. If the 
708 is to be exposed to these types of lighting conditions 
ur extended periods of time, opaque labels are available 
rom Intel which should be placed over the 2708 window 
T prevent unintentional erasure. 
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VALID OUTPUT 


The recommended erasure procedure (see Data Catalog 
PROM/ROM Programming Instructions Section) for the 
2708 family is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 Angstroms (Ä). The inte- 
grated dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of 15 W-sec/cm?. The erasure time 
with this dosage is approximately 15 to 20 minutes using an 
ultraviolet lamp with a 12000 uW/cm? power rating. The 
device should be placed within 1 inch of the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 


in ® 
I tel 2716 
16K (2K x 8) UV ERASABLE PROM 


m Fast Access Time a Pin Compatible to Intel® 2732 EPROM 
— 350 ns Max. 2716-1 


— 3% ns Max. 2716-2 
— 450 ns Max. 2716 

— 490 ns Max. 2716-5 
— 650 ns Max. 2716-6 


a Simple Programming Requirements 
— Single Location Programming 
— Programs with One 50 ms Pulse 


u Single +5V Power Supply a Inputs and Outputs TTL Compatible 


ae Low Power Dissipation guring;Read’and Frogtam 


— 525 mW Max. Active Power 
— 132 mW Max. Standby Power a» Completely Static 


The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716 
operates from a single 5volt power supply, has a static standby mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. 


The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance 
+5V microprocessors such as Intel’s 8085 and 8BOB6. A selected 2716-5 and 2716-6 is available for slower speed applications. 
The 2716 is also the first EPROM with a static standby mode which reduces the power dissipation without increasing access 
time. The maximum active power dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a 
75% savings. 


The 2716 has the simplest and fastest method yet devised for programming EPROMSs - single pulse TTL level programming. 
No need for high voltage pulsing because all programming controls are handled by TTL signals. Program any location at any 
time-either individually, sequentially or at random, with the 2716’s single address location programming. Total programming 
time for all 16,384 bits is only 100 seconds. 


PIN CONFIGURATION MODE SELECTION 
arı6 2732! 


OUTPUTB 
1911, 13171 


BLOCK DIAGRAM 

tRefer to 2732 DATA YULIFUNS 
data sheet for - 
specifications vmo— 


OUTPUT ENABLE 


PIN NAMES 
| Ro=-Aıo | aDonesses _____] 
[CHIP ENABLE/FROGRAM | 


CHIP ENABLE/PROGMAM 


0G LOGIC 


v 
DECODER 


ee 


Ao- A10 — 
loE____] outrur enasıe ADDRESS 
[01% [oumuss | Men 
1 a 16.384 81T 
DECODER CL MArHım 
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2716 


Z20GRAMMING 


"ee programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 


sosolute Maximum Ratings* 


“erperature Under Bias... 2.22.2220. -10°C to +80°C "COMMENT: Stresses above those listed under "Absolute Maxi- 
erage Temperäture 2. 222er aeen. -65°C to +125°C mum Ratings’’ may cause permanent damage to the device. This is a 
=) 'aput or Output Voltages with stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sec- 


espect to Ground VER ER, MALTE 00H +6V to -0.3V tions of this specification is not implied. Exposure to absolute 
=» Supply Voltage with Respect maximum rating conditions for extended periods may affect device 
» Ground During Program... ..... +26.5V to -0.3V reliability. 


x and AC Operating Conditions During Read 


me | mei ames | mes I mes] 


=£AD OPERATION 
12 and Operating Characteristics 


Input Load Current 
Output Leakage Current 


Output High Voltage 


E 
«TES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Vec except during programming. The supply current would then be the sum of Icc and Ippı. 
3. Typical velues are for Ta = 25°C and nominal supply voltages. 
4. This parameter is only sampled and is not 100% tested. 
«zucal Characteristics 
Icc CURRENT ACCESS TIME ACCESS TIME 
vs. vs vs. 
TEMPERATURE CAPACITANCE TEMPERATURE 
700 
600 
w 
E 400 
o 
X 0 
200 
100 


o 100 200 300 400 SOD 600 700 BDO 
TEMPERATURE | C) CL lei TEMPERATURE ('C) 
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2716 


A.C. Characteristics 


TE to Output Delay 


te | Output Enable to Output Delay 
tor | Output Enable High to Output Float 


Output Hold from Addresses, CE or 
DE Whichever Occurred First 


A.C. Test Conditions: 


Typ. Output Load: I TTL gate and C\ = 100 pF 
i Input Rise and Fall Times: &20 ns 
Input Pulse Levels: 0.8V t0 2.2V 
Court = Timing Measurement Reference Level: 


Inputs 1V and 2V 
Outputs 0.8V and 2V 


A. C. Waveforms [1] 


ADDRESSES 
ADDRESSES VALID 


OUTPUT VALID OUTPUT 


NOTE: Vcc must be applied simultaneousiy or before Vpp and removed simultaneously or after Vpp. 


Vpp may be connected directly to Vec except during programming. The supply current would then be the sum of Icc and Ipp- 
Typical values are for Ta = 25°C and nominal supply voltages. 

This parameter is only sampled and is not 100% tested. 

OE may be delayed up to tAcc - toe after the falling edge of CE without impact on tacc- 

top is specified from OE or CE, whichever occurs first. 


an 20 nn 
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2716 


ZRASURE CHARACTERISTICS 


e erasure characteristics of the 2716 are such that erasure 
zgins to occur when exposed to light with wavelengths 
rorter than approximately 4000 Angstroms (A). It should 
» noted that sunlight and certain types of fluorescent 
anps have wavelengths in the 3000--4000A range. Data 
row that constant exposure to room level fluorescent 
ahting could erase the typical 2716 in approximately 3 
«ars, while it would take approximatley 1 week to cause 
«zsure when exposed to direct sunlight. If the 2716 is to 
= exposed to these types. of-lighting conditions for ex- 
wnded periods of time, opaque labels are available from 
"el which should be placed over the 2716 window to 
event unintentional erasure. 


”-e recommended erasure procedure (see Data Catalog 
==30M/ROM Programming Instruction Section) for the 
716 is exposure to shortwave ultraviolet light which has 
. aavelength of 2537 Angstroms (Ä). The integrated dose 

&., UV intensity X exposure time) for erasure should be 
‚ ninimum of 15 W-sec/cm?. The erasure time with this 
2s39e is approximately 15 to 20 minutes using an ultra- 
roiet lamp with a 12000 uW/cm? power rating. The 2716 
rauld be placed within 1 inch of the lamp tubes during 
rzure. Some lamps have a filter on their tubes which 
"auld be removed before erasure, 


>£VICE OPERATION . 


"e five modes of operation of the 2716 are listed in Table 
x should be noted that all inputs for the five modesare at 
I levels. The power supplies required are a +5V Vec and 
dpp. The Vpp power supply must be at 25V during the 
=== programming modes, and must be at 5V in the other 
ws modes. 


TABLE I. MODE SELECTION 


OUTPUTS 
BN1,1317 


Vec 
124) 


Dour | 
High Z 


Vu 


Dan'ı Care 


| Dın 
DouT 


High Z 


Yır 


VL 

— ViH 
=AD MODE 
”e 2716 has two control functions, both of which must be 
zeally satisfied in order to obtain data at the output. 
"ec Enable (CE) is the power control and should be used 
r device selection. Output Enable (ÖE) is the output 
„seol and should be used to gate data to the output 
ws. independent of device selection. Assuming that 
esssses are stable, address access time (tacc) is equal to 
= 3lay from CE to output (tee). Data is available at 
= zutputs 120_ns (toe) after the falling edge of ÖE, 
swming that CE has been low and addresses have been 
ee for atleast tacc — toe- 


=aANDBY MODE 


"= 2716 has a standby mode which reduces the active 
wer dissipation by 75%, from 525 mW to 132 mW. The 
—& s placed in the standby mode by applying a TTL high 
„ra to the CE input. When in standby mode, the outputs 
= r. ahigh impedence state, independent of the OE input. 


“ayen \ahibit 
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OUTPUT OR-TIEING 


Because 2716’s are usually used in larger memory arrays, 

Intel has provided a 2 line control function that accomo- 

dates this use of multiple memory connections. The two 

line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 


To most efficiently use these two control lines, it is recom- 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while DE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby mode and that the output pins are only 
active when data is desired from a particular memory 
device. 

PROGRAMMING 


Initially, and after each erasure, all bits of the 2716 are in 
the ''1’ state. Data is introduced by selectively program- 
ming ‘‘0’s’' into the desired bit locations. Although only 
“0’s’’ will be programmed, both ’'1's’ and "0’s’’ can be 
presented in the data word. The only way to change a “0” 


to a ''1”’ is by ultraviolet light erasure. 


The 2716 is in the programming mode when the Vpp power 
supply is at 25V and ÖE is at VıH- The data to be pro- 
grammed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 


When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE/PGM input. 
A program pulse must be applied at each address location 
to be programmed. You can program any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. The 
2716 must not be programmed with a DC signal applied to 
the CE/PGM input. 

Programming of multiple 27165 in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
leled 27165 may be connected together when they are pro- 
grammed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleied 
2716. 

PROGRAM INHIBIT 


Programming of multiple 2716s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs (including ÖE) of the parallel 27165 may be 
common. A _TTL level program pulse applied to a 2716’s 
CE/PGM input with Vpp at 25V will program that 2716. 
A low level CE/PGM input inhibits the other 2716 from 
being programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 


ıN PRELIMINAF 


2732 
32K (4K x 8) UV ERASABLE PROM 


mw Fast Access Time: ws Pin Compatible to Intel® 2716 EPROM 
— 450 ns Max. 2732 
— 550 ns Max. 2732-6 m Completely Static 


m Single +5V + 5% Power Supply 


s Output Enable for MCS-85’“ and 
MCS-86'“ Compatibility 


s Simple Programming Requirements 
— Single Location Programming 
— Programs with One 50ms Pulse 


u Low Power Dissipation: 
150mA Max. Active Current u Three-State Output for Direct Bus 


30mA Max. Standby Current Interface 


The Intel® 2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory (EPROM\. The 2”: 
operates from a single 5-volt power supply, has a standby mode, and features an output enable control. The total progra” 
ming time for all bits is three and a half minutes. All these features make designing with the 2732 In microcomputer syster: 
faster, easier, and more economical. 


An important 2732 feature is the separate output control, Output Enable (ÖE) from the Chip Enable control (CE). T> 
OE control eliminates bus contentlon In multiple bus microprocessor systems. Intel’s Application Note AP” 
describes the microprocessor system implementatlon of the ÖE and TE controls on Intel’s 2716 and 2732 EPROM. 
AP-72 is available from Intel's Literature Department. 


The 2732 has a standby mode which reduces the power dissipation without increasing access time. The maximum ac: 
current is 150mA, while the maximum standby current is only 30mA, an 80% savings. The standby mode is achievec : 
applying a TTL-high signal to the CE input. 


PIN CONFIGURATION MODE SELECTION 


OE/Vpp Vec OUTPUTS 
(20) (24) | (911,131 
[se] 


L 
Program Inhibit m 


CH 
ca 
Ka 


BLOCK DIAGRAM 


DATA OUTPUTS 
Vec 0 —— 00-07 


PIN NAMES CE 


DEcoDen 


DECODER 


ADDRESSES Kal) 
ADDRESS 
CHIP ENABLE INPUTS 


32,768-B1T 
CELL MATAIX 


De | 
[08] oumuremste] 


= 
= 
& 


iieriei 
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2732 PRIEILIMUN AR? 


PROGRAMMING 
The programming specilications are described in the Data Catalog PROM/ROM Programming Instructions Section. 
ABSOLUTE MAXIMUM RATINGS* SEOMMENT 
Stresses above those listed under "Absolute Maximum Ratings” may cause 

Temperature Under Bias ............ -10°C to +80°C Permanent damage 10 the device. Thisisa stress rating only and functional 
Storage Temperature -65°C to +125°C operation of the device al these or any other conditions above those 

BE FE indicated in Ihe operational sections of this specification is not implied 
All Input or Output Voltages with Exposure lo absolule maximum rating conditions for extended periods 

Respect to Ground ......2e22cseeeennn +6V to -0.3V may affect device reliabilıty 

D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Vec = +5V + 5% 5 


READ OPERATION 


a Rep 
Input Load Current (except | Input Load Current (except EN PP) DO | I To | yA 
Base 2 0 
| Output Leakage rem [[—34L4| | | 10 [ua | 
[Ve uren ons 1] 0 Im 
[Veo Currentiacies | | 

inputtowvonage  — 01] 
Input High Voltage 


Output Low Voltage 


Conditions 
Vın = 5.25V 
Vın = 5.25V 


< 
oO 
oO 
+ 


Output High Voltage 


Note: 1. Typical values are for Ta = 25°C and nominal supply voltages. 


TYPICAL CHARACTERISTICS 


Icc CURRENT CE TO OUTPUT DELAY (tce) CE TO OUTPUT DELAY (tce) 
VS. TEMPERATURE VS. CAPACITANCE VS. TEMPERATURE 
leca ACTIVE BR 
TE= vu. 
z = E 
: 5 E 
F s e 
Iccı (STANDBY CURRENT) 
TE = Vin 
6 2 3 0 5 70 
TEMPERATURE ('C} elf TEMPERATURE (°C) 
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2732 


PRIEILHMIUN AN 


A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vec = +5V + 5% 


Conditions 
Address to Output Delay TE=OE=V, 


Min. [ mx | Mn. 
— Tet 
Seren den | fo 
[ou Ense 10 Oumun Day | | 10 | 
[OunputnabieMianioOummun im | 0 | 10 | 0 | 


Output Hold from Addresses, CE or 
DE, Whichever Occurred First 
CAPACITANCE |! T,= 25°C, 1= 1MHz A.C. TEST CONDITIONS 


|_Parameter | Typ. 


Input Capacitance 


Except OE/Vpp 


OE/VPP Input 
Capacitance 


Output Capacitance 


Output Load: 1 TTL gate and CL = 100p* 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Qutputs 0.8V and 2V 


= 
u} 


A.C. WAVEFORMS [21 


ADDRESSES 
VALID 


ADDRESSES 


OUTPUT VALID OUTPUT 


NOTES: 
1. THIS PARAMETER ISONLY SAMPLED AND IS NOT 100% TESTED. 
2. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE NSEC UNLESS OTHEAWISE SPECIFIED. 
3. OE MAY BE DELAYED UP TO 390ns AFTER THE FALLING EDGE OF TE WITHOUT IMPACT ON tacc. 
4. tor ISSPECIFIED FROM DE OR TE. WHICHEVER OCCURS FIRST. 
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en PRELIMINARY 


ERASURE CHARACTERISTICS 


”he erasure characteristics of the 2732 are such that 
»asure begins to Occur when exposed to light with 
«avelengths shorter than approximately 4000 Angstroms 
A\. It should be noted that sunlight and certain types of 
*uorescent lamps have wavelengths in the 3000-4000Ä 
ange. Data show that constant exposure to room level 
“yorescent lighting could erase the typicat 2732 in 
ıoproximately 3years, whileitwouldtake approximately 1 
week to Cause erasure when exposed to direct sunlight. If 
=e 2732 is to be exposed to these types of lighting 
:anditions for extended periods of time, opaque labelsare 
zvailable from Intel which should be placed over the 2732 
sindow to prevent unintentional erasure. 


"ne recommended erasure procedure (see Data Catalog 
:age 4-83) for the 2732 is exposure to shortwave 
„traviolet light which has a wavelength of 2537 
angstroms (A). The integrated dose (i.e., UV intensity X 
=xposure time) for erasure should be a minimum of 15 W- 
sec/cm2. The erasure time with this dosage is approxi- 
=ately 15 to 20 minutes using an ultraviolet lamp with a 
"2000 uW/cm2 power rating. The 2732 should be placed 
eıthin 1 inch of the lamp tubes during erasure. Some 
amps have afilter on theirtubes which should be removed 
sefore erasure. 


DEVICE OPERATION 

ne tive modes of operation of the 2732 are listed in 
"able 1. A single 5V power supply is required in the read 
node. All Inputs are TTL levels except for ÖE/V pp during 
zrogramming. In the program mode the ÖE/V pp input is 
zulsed from a TTL level to 25V. 


TABLE 1. Mode Selection 


DEIVpp OUTPUTS 
(20) -11,13-17) 


VıL 


Program Verity 


Program Inhibit 


Read Mode 


ne 2732 has two control functions, both of which must 
»e logically satisfied in order to obtain data at the out- 
zuts. Chip Enable (CE) is the power control and should 
»e used for device selection. Output Enable (ÖE) is the 
zutput control and should be used to gate data lo the 
zutput pins, independent of device selection. Assuming 
at addresses are stable, address access time (tacc) iS 
»qual to the delay from CE to output (tcg). Data is 
z«ailable at the outputs 120ns (tog) after the falling edge 
:* DE, assuming that CE has been low and addresses 
»ave been stable for at least tacc — toe- 


Standby Mode 
ne 2732 has a standby mode which reduces the active 
zower current by 80% , from 150mA to 30mA. The 2732 is 


ziaced in the standby mode by appiying a TTL high 
sgnal to the TE input. When in standby mode, the out- 


puts are in a high impedance slate, independent of the 
DE input. 
Output OR-Tieing 


Because EPROMS are usually used in larger memory ar- 
rays, Intel has provided a 2 line control function that ac- 
commodates this use of multiple memory connections. 
The two line control function allows for: 


a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention will 
not occur. 


To most efficientiy use these two control lines, it is 
recommended that TE (pin 18) be decoded and used as 
the primary device selecting function, while DE (pin 20) 
be made a common connection to all devices in the ar- 
ray and connected to the READ line from the system 
control bus. This assures that all deselected memory 
devices are in their low power standby mode and that 
the output pins are only active when data is desired 
from a particular memory device. 


Programming 


Initially, and after each erasure, all bits ofthe 2732 are n 
the "1" state. Data is introduced by selectively program- 
ming "0's" into the desired bit locations. Although only 
“0's” will be programmed, both "1’s" and "0's" can be 
presented in the data word. The only way to change a "0" 
to a "1" is by ultraviolet light erasure. 


The 2732 is in the programming mode when the OE/VPp 
input is at 25V. It is required that a 0.14F capacitor be 
placed across ÖE/Vpr and ground to suppress spurious 
voltage transients which may damage the device. The data 
to be programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and data 
inputs are TTL. 


When the address and data are stable, a 50msec, active 
low, TTL program pulse is applied to the CE input. A 
program pulse must be applied at each address location to 
be programmed. You can program any location at any 
time — either individually, sequentially, or atrandom. The 
program pulse has a maximum width of55msec. The 2732 
must not be programmed with a DC signal applied to the 
CE input. 


Programming of multiple 27325 in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the 
paralleled 2732s may be connected together when they 
are programmed with the same data. Alowlevet TTL pulse 
applied to the CE input programs the paralleled 2732s. 


Program Inhibit 


Programming of multiple 2732s in parallel with different 
data is also easily accomplished. Except for CE, all like 
inputs (including OE) of the parallel 2732s may be 
common. A TTL level program pulse applied to a 2732's 
CE input with OE/VpP at 25V will program that 2732. A 
high level CE input inhibits the other 2732s from being 
programmed. 


Program Verity 


A verity should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify is accomplished with OE/Vpp and CE at VıL. Data 
should be verified tov after the falling edge of CE. 
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intel ADVANCE INFORMATIC: 


2732A 
32K (4K x 8) UV ERASABLE PROM 


u 200ns (2732A-2) Maximum Access B Pin Compatible to 2764 EPROM 
Time ... HMOS*-E Technology 

B Compatible to High Speed 8mHz a andard Pinout ... JEDEC 
8086-2 MPU... .Zero WAIT State PPFON® 

u Two Line Control MB Low Standby Current... 35mA Max. 


The Intel 2732A is a 5V only, 32,384 bit ultraviolet erasable and electrically programmable read-oniy memory (EPROM. 
Is pln compatible to Intel’s 450ns 2732. The standard 2732A's access time is 250ns with speed selection (27324. 
avallable at 200ns. The access time Is compatible to high performance microprocessors, such as the 8mHz 8086-2 
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states. 


An Important 2732A feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). The = 
control ellminates bus contention In multiple bus microprocessor systerns. Intel's Application Note AP-72 describes 
microprocessor system Implementation of the OE and CE controls on Intel's EPROMs. AP-72 Is avallable from Inte 
Literature Department. 


The 2732A has a standby mode which reduces the power dissipation without Increasing access time. The maximur 
active current Is 150mA, while the maximum standby current is only 35mA, a 75% saving. The standby mode Is achiewe 
by applying a TTL-high signal to the CE input. 


The 2732A is fabrlcated with HMOS*-E technology, Intel's high speed N-channel MOS Silicon Gate Technology. 


MODE SELECTION 


Read VL VL 
Standby VYın [Don't Care 


2732A 
PIN CONFIGURATION 


Program Inhibit 


BLOCK DIAGRAM 


DATA OUTPUTS 
For total compatibility from Vec -— 00-07 
2732A provide a trace to pin 26 GNDo—— 
VPp — ! 
ÖE —T SEano 


Y 
DVECODER 


Y-GATING 


ADDRESSES Ag-Ayı 
ADDRESS 
CHIP ENABLE INPUTS 


OUTPUT ENABLE 
OUTPUTS 


“HMOS is a patented process of Intel Corporation. 
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2758 


8K (1K x 8) UV ERASABLE LOW POWER PROM 


s Single +5V Power Supply m Fast Access Time: 450 ns Max. in 
Active and Standby Power Modes 
a Simple Programming Requirements 


- Single Location Programming as Inputs and Outputs TTL Compatible 
— Programs with One 50 ms Pulse during Read and Program 
m Low Power Dissipation s Completely Static 
525 mW Max. Active Power 
132 mW Max. Standby Power a Three-State Outputs for OR-Ties 


The Intel® 27568 is a 8192-bit ultraviolet erasabie and electrically programmable read-oniy memory (EPROM\. The 2758 
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location pro- 
gramming. It makes designing with EPROMs faster, easier and more economical. The total programming time for all 
8192 bits Is 50 seconds. 


The 2758 has a static standby mode which reduces the power dissipation without increasing access time. The maxi- 
mum active power dissipation is 525mW, while the maximum standby power dissipation is oniy 132mW, a 75% 
savings. Powerdown Is achieved by applyIng a TTL-high signal to the GE input. 


A 2758 system may be designed for total upwards compatibility with Intel's 16K 2716 EPROM (see Applications Note 
72). The 2758 maintalns the simplest and fastest method yet devised for programming EPROMs — single pulse TTL- 
level programming. There is no need for high voltage pulsing because all programming controls are handled by TTL 
signals. Program any location at any time — either individually, sequentially, or at random, with the single address 
location programming. 


PIN CONFIGURATION MODE SELECTION 


Vec | OUTPUTS 
18:11,13.17} 


Standby 


Program 


Program Verify 


Program Inhibit 


PIN NAMES BLOCK DIAGRAM 
DATA OUTPUTS 
ADDRESSES ] Ye ——- 00-07 
| TEFGM | CHIP ENABLE/PROGRAM_| En EEE 
OUTPUT ENABLE ER 


OUTPUTS 


ar | SELECT REFERENCE 
INPUT LEVEL 


OUTPUT ENABLE 
CHIP ENAGLE ANO 
PROG LOGIC 
Y 
DECODEA 


x“ 
DECODER 


OUTPUT BUFFERS 


YGATING 


8192.B1T 
CELL MATRIN 


ADOREBS 
INPUTS 


AA 
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PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions section. 


Absolute Maximum Ratings* 


Temperature Under Bias... .......... -10°C to +B0°C *COMMENT: Stresses above those listed under “Absolute Maxi- 

Storage Temperature .. 2 cecan.an. -65°C to +125°C mum Ratings’ may cause permanent damage to the device. This is 8 

AN Input or Output Voltages with stress rating oniy and functional operation of the device at these or 

any other conditions above those indicated in the operational sec- 

Respectto Ground .........2220.. +6V to -0.3V tions of this specification is not implied. Emposure to absolute 

Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect device 
to Ground During Programming... ... +26.5V to -0.3V reliability. 


READ OPERATION 
D.C. and Operating Characteristics 
Ta = 0°C t0 70°C, Vecl!,2} =+5V 45%, Vppl?} = Vec 


1. Voc must be applied simultaneously or belore Vpp and removed simutlaneously or after Vpp. 

2. Vpp may be connected directiy lo Voc except during programming. The supply current would then be Ihe sum of Ioc and Ippı. 

3. Typical values are tor Ta = 25°C and nominal supply voltages. 

4. Ap is a reference vollage level which requires an input current of only 10 „A. The 2758 51865 is also available which has a reference 
voltage level of Vjy instead of VjL. 


Typical Characteristics 


Icc CURRENT ACCESS TIME ACCESS TIME 
vs vs vs. 
TEMPERATURE CAPACITANCE TEMPERATURE 


Tacc Imst 


0 100 200 300 400 500 600 700 200 
cL for! TEMPERATURE (’C) 


TEMPERATURE 1°C) 
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A.C. Characteristics 
Ta 0°C to 70°C, Veel" = +5V 15%, Vppl?] =Vcec 


Address to Output Delay 
CEto Output Delay 


Output Enable to Output Delay 
Output Enable High to Output Float 


Output Hold From Addresses, CE 
or ÖE Whichever Occurred First 
A.C. Test Conditions: 


Typ. Output Load: 1 TTL gate andC, = 100 pF 
: Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
1V and 2V 


Inputs 
NOTE: Please refer to page 2 for notes. 
Outputs 0.8V and 2V 


A.C. Wavelorms!®! 


ADDRESSES 
VALID 


ADDRESSES 


18) sooo, 00.» 17) 
= toE tDF 
(120 MAX.) (100 MAX.) 
16) 

tacc toH 
(450 MAX.) (0) 
........Aa.e. 

HIGH Z 


OUTPUT VALID OUTPUT 
 „ o........» 
SOTES: 1. Vcc musi be applied simultaneously or before Vpp and removed simullaneously or after Vpp. 
2. Vpp may be connected direcliy 10 Voc except during programming. The supply current would Ihen be the sum of Icc and Ippı 
3. Typical values are for TA=25*C and nominal supply voltages. 
4. This parameter is only sampled and is nol 100% tesled. 
5. All times shown in parentheses are minimum limes and are nsec unless olherwise specilied, 
6. OE may be delayed up_ to 930 ns alter the falling edge ol CE without impacl on lACcC- 
7. to is specified from ÖE or CE. whichever occurs first. 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 2758 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Anastroms (Ä). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000-4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2758 in approximately 3 
years, while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 2758 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2758 window to 
prevent unintentional erasure, 


The recommended erasure procedure (see Data Catalog 
Programming Section) for the 2758 is exposure to short- 
wave ultraviolet light which has a wavelength of 2537 
Angstroms {Ä). The integrated does (i.e., UV intensity X 
exposure time) for erasure should be a minimum of 15 
W-sec/cm2, The erasure time with this dosage is approxi- 
mately 15 to 20 minutes using an ultraviolet lamp with 
12,000 uW/cm2 power rating. The 2758 should be placed 
within 1 inch of the lamp tubes during erasure. Some lamps 
have a filter on their tubes which should be removed before 
erasure. 


DEVICE OPERATION 


The five modes of operation of the 2758 are listed in Table 
1. It should be noted that all inputs for the five modes are 
at TTL levels. The power supplied required are a +5V Vcc 
and a Vpp. The Vpp power supply must be at 25V during 
the two programming modes, and must be at 5V in the 
other three modes. In all operational modes, Ap must be 
at VıL (except for the 2758 S1865 which has Ap at Vin). 


TABLE I. MODE SELECTION 


Standby 


Program Pulsed VıL to Vin 


Program Verify ViıL 


Program Inhibit VL Vır 


READ MODE 


The 2758 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 
pins, independent of device selection. Assuming that 
addresses are stable, address access time (tacc) is equal to 
the delay from CE to output (tcg). Data is available at 
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the outputs 120 ns (tog) after the falling edge of DE, 
assuming that CE has been low and addresses have been 
stable for at least tacc — toeE- 


STANDBY MODE 


The 2758 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2758 is placed in the standby mode by applying a TTL high 
signal to TE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 


OUTPUT OR-TIEING 


Because EPROMS are usually used in larger memory arrays, 
Intel has provided a 2 line control function that accommo- 
dates this use of multiple memory connections, The two line 
control function allows for: 


a) the lowest possible mernory Power dissipation, and 
b) complete assurance that output bus contention will 
not occur, 


To most efficiently use these two control lines, it is recom- 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while ÖE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby mode and that the output pins are only 
active when data is desired from a particular memory device. 


PROGRAMMING 


Initially, and after each erasure, all bits of the 2758 are in 
the "1" state. Data is introduced by selectively program- 
ming °’0’s’’ into the desired bit locations. Although only 
”0’s” will be programmed, both '’1’s’' and ‘’0’s’’ can be 
presented in the data word. The only way to change a "0" 
to a”1’ is by ultraviolet light erasure. 


The 2758 is in the programming mode when the Vpp 
power supply is at 25V and DE is at Vin: The data to be 
programmed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 


When the address and data are stable, a 50 msec, 
active high, TTL program pulse is applied to the CE/PGM 
input. A program pulse must be applied at each address 
location to be programmed. You can program any location 
at any time — either individually, sequentially, or at ran- 
dom, The program pulse has a maximum width of 55 msec. 


The 2758 must be programmed with a DC signal applied 
to the CE/PGM input. 


Programming of multiple 2758s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
lelled 27585 may be connected together when they are 
programmed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
2758. 


2758 


’ROGRAM INHIBIT 


=ogramming of multiple 27585 in parallel with different 
=ta is also easily accomplished. Except for CE/PGM, all 
«= inputs(including OE) of the parallel 2758s may be 
=nmon. A TTL level program pulse applied to a 2758’s 
ZZPGM input with Vpp at 25V will program that 2758. 
a iow level CE/PGM input inhibits the other 2758 from 
eng programmed. 
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PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed with Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 


i ADVANCE INFORMATIOr 


2764 
(8K x 8) UV ERASABLE PROM 


m 200 ns (2764-2) Maximum Access 8 Pin Compatible to 2732A EPROM 
Time... HMOS*-E Technology 


_ 
BE Compatible to high speed 8mHz u US Pinout ... JEDEC 
8086-2 MPU... Zero WAIT State pprove 


m Two Line Control B Low Standby Current... 35mA Max. 


The Intel® 2764 is a 5V only 65,536 bit ultraviolet erasable and electrically programmable read-oniy memory (EPROMi 
The standard 2764 access time is 250ns with speed selection availabie at 200ns. The access time is compatible tc 
high performance microprocessors, such as Intel's BmHz 8086-2. In these systems, the 2764 allows the 
microprocessor to operate without the addition of WAIT states. 


An important 2764 feature is the separate output control, Output Enable (ÖE) from the Chip Enable control (CE). The 
OE control ellminates bus contention in multiple bus microprocessor systems. Inlel’s Application Note AP-7Z 
describes the microprocessor system Implementation of the OE and CE controls on Intel's EPROMs. AP-72 is 
avallable from Intel’s Literature Department. 


The 2764 has a standby mode which reduces the power dissipation without increasing access time. The active current 
Is 150mA, while the standby current is only 35mA, a 75% savings. The standby mode is achieved by applying a TTL- 
high signal to the CE input. 


The 2764 is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon Gate Technology. 


2764 
2732A PIN CONFIGURATION BLOCK DIAGRAM 
PIN CONFIGURATION PEN 

abi Er In 
»D% ne TE 
22 [)4s Term N OUTBUT BUFFERS 
2A 
20 DIOE/» | 
19 DAıo anahest 
18 DEE 
D% 
161)06 
5% 
141)% 
1300 

I1For total compatibillty from MODE SELECTION 

2732A provide a trace 10 pin 26 

PIN NAMES 


| Ao-Aı2 | ADDRESSES 
| TE __| CHIP EnABLE 
| OÖE | OUTPUT ENABLE 


Fre 

@2)| en (28) | (11-13, 15-19) 
| 
standby wit = | « TVoeTice| 
vu [U [we [Vec 
Via [Vor 
rewan one [me * [ie 


x can be either VıL or ViH 


| 00.0, |oueus | 


PROGRAM 


| PEM_| 


“HMOS is a patented process of Intel Corporation. 
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intel 
3205, 3404 


3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 
3404 HIGH SPEED 6-BIT LATCH 


m 18ns Max. Delay Over 0°C to 75°C m Low Input Load Current: .25mA Max., 
Temperature: 3205 1/6 Standard TTL input Load 

u 12ns mar Data 0 Output Delay m Minimum Line Reflection: Low 
Over 0°C 10 75°C Voltage Diode Input Clamp 


Temperature: 3404 


u Outputs Sink 10mA Min. 
m Directiy Compatible With DTL and Outputs Sink 10mA Min 


TTL Logic Circuits sw 16-Pin Dual In-Line Package 
sm Totem-Pole Output m Simple Expansion: Enable Inputs 
3205 


The 3205 decoder can be used for expansion of systems which utilize memory components with active low 
chip select input. When the 3205 is enabled, one of its eight outputs goes “low”, thus a single row of a memory 
system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory 
systems, 3205 decoders can be cascaded such that each decoder can drive B other decoders for arbitrary memo- 
ry expansions. 

3404 

The Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are 
designed for use as memory data registers, address registers, or other storage elements. The latches act as high 
speed inverters when the Write’ input is "low. 

The Intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specified over the 
temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain 
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process. 


PIN CONFIGURATION 
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MOTOROLA TMS2716 
Semiconductors TMS?27A16 


MOS 


2048 x 8 ERASABLE PROM 


The TMS2716 and TMS27A16 are 16,384-bit Erasable and IN-CHANNEL, SILICON-GATE)} 
Electrically Reprogrammable PROMs designed for system debug 
usage and similar applications requiring nonvolatile memory that 2048 X 8-BIT 
could be reprogrammed periodically. The transparent window on the UV ERASABLE PROM 
package allows the memory content to be erased with ultraviolet 
light. The TMS2716 is pin compatible with 2708. EPROMSs, allowing 
easy memory size doubling. 


Organized as 2048 Bytes of 8 Bits 
Fully Static Operation (No Clocks, No Refresh) 
Standard Power Supplies of +12 V,+5 V,and-5 V 


Maximum Access Time = 300 ns — TMS27A16 
450 ns — TMS2716 


Chip-Select Input for Memory Expansion 


C SUFFIX 
! FRIT-SEAL PACKAGE | 
CASE 623A 


TTL Compatible — No Puli-up Resistors Required 
Three-Stäte Outputs for OR-Tie Capability 


The TMS2716 is Pin Compatible t0o MCM2708 and 


MCM68708 EPROMs 
LSUFFIX 


CERAMIC PACKAGE 
CASE 716 


BLOCK DIAGRAM 
PIN ASSIGNMENT 


Data InpuV’Output 
D00-D0Q7 

As 

A9 

VBB 

5 (Progr) A1O 

Input/Output Buffers 


a 
Y 
Decoder Y Gating 


v 
Program Enable (E) 2 


5(Progr) 
07 
O6 


05 
04 
03 


PIN NAMES 
AQ-A1O.... . Address Inputs 
i D00-D07 ... Data Input (Program) or 
Memory:Matr|x Output (Read) 
(128 X 128) 
(E) . . . . Program Enable 
$... .Chip Select 
{Progr) ... . . Program Pulse 
VBB - : » .-5 V Power Supply 
Vcec . . ..+5 V Power Supply 
VDD - : - . +12 V Power Supply 
VssS . .. . Ground 


O MOTOROLA INC. 1978 DS 9518 F° 
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ABSOLUTE MAXIMUM RATINGS (1) 


PIN CONNECTION DURING 
READ OR PROGRAM 


(E) Input with Aespect to VB During Programming | +20t0-0.3 | vdc |] 
Program Input with Respect to Vpp 
[Power Dispo  _ | 0 [wen] 


NOTE 1: Permanent device damage may occur it ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted t0 RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltäges for 
extended periods of time could alfecı device reliability. 


DC READ OPERATING CONDITIONS AND CHARACTERISTICS 


{Full operating voltage and temperature range unless otherwise noted) 


RECOMMENDED DC READ OPERATING CONDITIONS 


DT Poramer  __ _[ Symber [Min [Nom [Mer] Une] 


Supply Voltage TMS2716 F Vde 


TMS27A16 


Input High Voltage 


Input Low Voltage 


READ OPERATING DC CHARACTERISTICS 


[ Tcneraetorisie _ | ___Conditien _ __] symbei | Min] 
[AoaressineunSink Cure | Vin=Vocmaxor Yn=Vir | in | - | 
Vou=Vecmaxands-sv | ho | - | 
Worst-Case Supply Currenis ee 
ee] 
GE 
[Ener ©) 


VB must be applied prior to Vec and Vpp- VaB must also be the last power supply switched off. 


CAPACITANGCE (periodically sampled rather than 100% tested) 


Input Capacitance 
{f = 1.0 MHz) 


Output Capacitance Vout *O V, Ta = 25°C 
{f = 1.0 MHz) 


Vin=0V, Ta = 25°C 


— (M) MOTOROLA Semiconductor Products Inc. 
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TMS2716 


Data Hold from Deselection 


TIMING PARAMETER ABBREVIATIONS 


IKK XRX 
signal name from which interval is dena | 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 


H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 


Chip Select, 5 


Data Out, Q 


AC READ OPERATING CONDITIONS AND CHARACTERISTICS 
{Full operating voltage and temperature range unless otherwise noted) 
(All timing with tr = tf = 20 ns, Load per Note 2) 


ER: TMS2716 TMS27A16 


PeRn 


NOTE 2: Output Load = 1 TTL Gate and C,_ = 100 pF (includes Jig Capacitance) 
Timing Measurement Reference Levels — Inputs: 0.8 V and 2.8 V 
Outputs: 0.8 V and 2.4 V 


The transition definitions used in this data sheet are: 


Address Valid 


| Min [ mr | Min I ma | 
I = | so | - | zo | 
I = | m | - | 10 | 
0 TS] 
[eo m Tv | mo | 
AC TESTLOAD 


Test Pont 
MMD6 150 
or Equiv 


MMD7000 
or Euuw 


100 pF * 37 ur° 


*Includes Jig Capacitance 
**For VOH 


TIMING LIMITS 


The table of timing values shows either a minimum or 
a maximum limit for each parameter. Input requirements 
are specified from the external system point of view. 
Thus, address setup time is shown as a minimum since the 
systern must supply at least that much time (even though 
most devices do not require it). On the other hand, 
responses from the memory are specified from the device 
point of view. Thus, the access time is shown as a maxı- 
mum since the device never provides data later than 
that time. 


READ OPERATION TIMING DIAGRAM 


Output Valid 
(Low Impedance) 
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PROGRAMMING INSTRUCTIONS 


After the completion of an ERASE operation, every bit 
in the device is in the "1" state (represented by Output 
High). Data are entered by programming zeros (Out- 
put Low) into the required bits. The words are addressed 
the same way as in the READ operation. A programmed 
“0” can only be changed to a ''1” by ultraviolet light 
erasure. 

To set the memory up for programming mode, the 
Vcc(E)} input (Pin 24) should be raised to +12 V. Pro- 
gramming data is entered in B-bit words through the data 
output terminals (DOO to DO?). 

The Vpp and VBg supply voltages are the same as for 
the READ operation. 

After address and data setup, one program pulse per 
address is applied to the program input. A program loop is 
a full pass through all addresses. Total programming time/ 
address, Tptotal = N X tpHPL > 100 ms. The required 
number of program loops (N) is a function of the program 
pulse width (tpHPL) where: 0.1 ms S tpHypL S 1.0. ms; 
correspondingly, N is: 100 S N < 1000. There must be 
N successive loops through all 2048 addresses. It is not 
permitted to apply more than one program pulse in 
succession 10 the same address (i.e., N program pulses to 
an address and then change to the next address to be 
programmed). At the end of a program sequence the 
Program Enable (E) falling edge transition must occur 
before the first address transition, when changing from 
a PROGRAM to a READ cycle. The program pin should 
be pulled down to VjLP with an active device, because 
this pin sources a small amount of current (IjpL) when 
(E) is at Vınw (12 V) and the program pulse is at VILP. 


CASE 6234-01 


NOTES 

1. DiM "1" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 mm 
10.006) AADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. MMEN FORMED 
PARALLEL) 


>= A) MOTOROLA Semiconductor Products Inc. 


OUTLINE DIMENSIONS 


[LT T52425c | 09 St 


EXAMPLE FOR PROGRAMMING 
Always use the Tprotal = N X tPHPL > 100 ms 
relationship. 
1. All 16,384 bits should be programmed with a 0.2 ms 
program pulse width. 
The minimum number of program loops: 


Ne Tprotal _ 100 ms _ 


One program loop consists of words O to 2047. 

2. Words O0 to 200 and 300 to 700 are to be pro- 
grammed. All other bits are "don’t care”. The program 
pulse width is 0.5 ms. The minimum number of program 
loops, N = 100/0.5 = 200. One program loop consists of 
words O to 2047. The data entered into the “don't care” 
bits should be all 15. 

3. Same requirements as example 2, but the EPROM is 
now to be updated to include data for words 850 to 880. 
The minimum number of program loops is the same as in 
the previous example, N = 200. One program loop consists 
of words O to 2047. The data entered into the “don’t 
care” bits should be all Is, Addresses 0 to 200 and 
300 to 700 must be reprogrammed with their original 
data pattern. 


ERASING INSTRUCTIONS 


The TMS2716/27A16 can be erased by exposure to 
high intensity shortwave ultraviolet light, with a wave- 
length of 2537 A. The recommended integrated dose (i.e., 
UV-intensity X exposure time) is 12.5 Ws/cm2. As an 
example, using the "Model 30-000” UV-Eraser (Turner 
Designs, Mountain View, CA 94043) the ERASE-time is 
30 minutes. The lamps should be used without shortwave 
filters and the TMS2716/27A16 should be positioned 
about one inch away from the UV-tubes. 


CASE 716-03 


V. LEAOS TAUE POSITIOMEO WITHIN 
0.25 mm (0.010) DIA (AT SEATING 
PLANE) AT MARIMUM MATERIAL 
CONDITION. 

2. DIM “L" TO CENTER OF LEAOS 
WHEN FORMED PARALLEL. 


Prinied in Switzerland 


68-C79/5.0 


TMS27A16 


DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 


{Full operating voltage and temperature range unless otherwise noted) 


RECOMMENDED PROGRAMMING OPERATING CONDITIONS 


nm [| Bmosl 1 Me [mom [Mer [Var 


Supply Voltage 


Program Putse Input High Voltage (Note 3) 
NOTE 3: Referenced 10 Vs. 
NOTE 4: Vıyp - Vılp ® 25 V min. 


PROGRAMMING OPERATION DC CHARACTERISTICS 


[Sperre | 
Worst-Case Supply Currents 
AN Inputs High 


AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 


{Full operating voltage and temperature unless otherwise noted) 


Address Setup Time 


{E) Setup Time 
Address Hold Time 


{E} Hold Time 
Data Hold Time 


Progrem to Read Delay 


Pragram Pulse Width 
Program Pulse Rise Time 
Program Pulse Fall Time 


Motorola reserves the right 10 make changes 10 any products herein to improve reliability, function or design. Motorola does not assume any liability arising 
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
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PROGRAMMING OPERATION TIMING DIAGRAM 


Bean en of N Program Loops 


READ ——e 
(After N 
Program 

Loops) 


VIHW 


Program 
Enable, (E) 


Vec” Vılw 


Address, A Address O 


Data Out Data Out 


nvalid G Valid 
A 


Data In, D 
Data Out, Q 


Program 
Pulse, P 


VILP 


NOTE 5: This Program Enable tranistion must occur after the Program Pulse transition and before the Address Transition, 


WAVEFORM DEFINITIONS 


Warelorm 
Symbol 


Wavelorm 
Symbol 


Input Ouıpur Input Output 


MUST BE WILL BE DON'T CARE CHANGING: 
VALID VALID ANY CHANGE STATE 
PEAMITTED UNKNOWN 


CHANGE WILL CHANGE 
NIIL FROMHTOL FROM HTOL >— u on 


IMPEDANCE 
CHANGE WILL CHANGE 
FROMLTOH FROMLTOH 
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265 


MOTOROLA 
Semiconductors 


4096 x 8-BIT UV ERASABLE PROM 


The MCM68732/681732 is a 32,768-bit Erasable and Electrically 
Reprogrammable PROM designed for system debug usage and similar 
applications requiring nonvolatile memory that could be reprogrammed 
periodically, or for replacing 32K ROMs for fast turnaround time. The 
transparent window on the package allows the memory content to be 
erased with ultraviolet light. 

For ease of use, the device operates from a single power supply and 
has a static power-down mode. Pin-for-pin compatible mask program- 
mable ROMSs are available for large volume production runs of systems 
initially using the MCM68732/681732. 
® Single +5 V Power Supply 
® Automatic Power-down Mode (Standby) with Chip Enable 
® Organized as 4096 Bytes of B Bits 
@ Low Power Dissipation 
® Fully TTL Compatible 
© Maximum Access Time = 450 ns MCM68732 

350 ns MCM68732-35 

© Standard 24-Pin DIP for EPROM Upgradability 
® Pin Compatible 10 MCM68A332 Mask Programmable ROM 
© AR Selects the Operational 32K Portion of the Die 

MCM68732-1 AR=1=HIGH 

MCM68732-0 AR=0= LOW 
@ Pin Compatible With tne MCM2532 32K EPROM in the Read Mode 
® Low Power Version 

MCM6817932 Active 60 mA Maximum 

Standby 15 mA Maximum 
MCM681732-35 Active 100 mA Maximum 
Standby 25 mA Maximum 


MOTOROLA'S PIN-COMPATIBLE EPROM FAMILY 


INDUSTRY STANDARD PINOUTS 
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MCM68732 
MCM681732 


MOS 
(N-CHANNEL, SILICON-GATE) 
4096 x 8-BIT 


UV ERASABLE PROGRAMMABLE 
READ ONLY MEMORY 


PIN ASSIGNMENT 


. Address 
. Address Reference 
. Data Input/Output 


C SUFFIX 


Chip Enabie/ Program 


FRIT-SEAL CERAMIC PACKAGE 
CASE 623A-02 


L SUFFIX SIDEBRAZE CERAMIC PACKAGE 
ALSO AVAILABLE — CASE 716 


05814 A! 


| Bi] vale | 
Temperature Under Bias 


Storage Temperature -65 10 +125 
All Input or Output Voltages with Respect to Vss 
Vpp Suppiy Voltage with Respect to Vss 


NOTE: Permanent device damage may occur il ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted t0 RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure 10 higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the inputs 
against darnage due to high static voltages or elec- 
tric fields; however, it is advised that normal precau- 
tions be taken to avoid application of any voltage 
higher than maximum rated voltages 10 this high- 
impedance circuit. 


MODE SELECTION 


al 2 2. 
pa |VYss| Ever Vec 


Output Disable 
Standby 


BLOCK DIAGRAM 


vss > Data Input/Outpur DA0-DO7 


E/vpp 0 Control 
Logic 


FIGURE 1 — AC TEST LOAD 


Test Point 
AO-A4 
"100 pF ok MMDS150 
or Equiv. 
MMD7000 
or Equiv. 
AS-A1I R 
AR "includes Jig Capacitance 


periodically sampled rather than 100% tested.) 
Cheracteristic 


CAPACITANCE (1= 1.0 MHz, TA=25°C. 


Input Capacitance IVjn=0 V) Except E/Vpp Cin 
Input Capacitance E/Vpp i 
Output Capacitance (Vout=0 V) 


Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C= 1A, /AV. 
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MCM68732®MCM681732 


DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
Ta=235+5°C) 


RECOMMENDED PROGRAMMING OPERATING CONDITIONS 


Input Low Voltage lor All Addresses and Data |-0.1] 
Program Pulse Input High Voltage | 24 | 


Program Pulse Input Low Voltage 


PROGRAMMING OPERATION DC CHARACTERISTICS 


Address input Sink Current 

Vpp Program Pulse Supply Current (Vpp = 35V +1 V) 
Vpp Supply Current IVpp = 2.4 V} 

Vcc Supply Current (Vpp=5.0 V) 


AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
I Cermnii —  — — —  _______[symboi I Min [Max | 
| Address eu im Fraven [20] - | 
pveH | 20 | - | 
| Chip Enabi Vi DLR [terav [ao] - | 
[20 | - | 
[19 | 21 | 
| 0.5 | 20 | 
| 05 | 20 | 


| Program Pulse Fall ILL Tome | 
| Cumuiative Programming ie Pr Wr DLDLLDLL Deco [2 [so [ms | 


"Block mode programming must be used. Block mode programming is defined as one program pulse applied to each ol the 4096 address loca- 
tions in sequence. Multiple blocks are used to accumulate programming time {tcp). 


PROGRAMMING OPERATION TIMING DIAGRAM 


ee) 


Address 1.,.4096 


A (Address) 


D or Q (Data) Data Out 


M) MOTOROLA Semiconductor Products Inc. 
268 


MCM68732°eMCM681732 


PROGRAMMING INSTRUCTIONS 


After the completion of an ERASE operation, every bit in 
the device is in the ''1” state (represented by Output High). 
Data are entered by programming zeros (Output Low) into 
the required bits. The words are addressed the same way as 
in the READ operation. A programmed ''0" can only be 
changed to a ‘'1”' by ultraviolet light erasure. 

To set the memory up for Program Mode, the E/Vpp input 
{Pin 20) should be between +2.0 and +6.0 V, which will 
three-state the outputs and allow data to be setup on the DA 
terminals. The Vcc voltage is the same as for the Read 
operation. Only ''0’s’ will be programmed when ''0's’” and 
“1's” are entered in the 8-bit data word. 

After address and data setup, 25-volt programming pulse 
(ViH to VIHP) is applied to the E/Vpp input. A program 
pulse is applied to each address location to be programmed. 
The maximum program pulse width is 2 ms and the max- 
imum program pulse amplitude is 26 V. 

Multiple MCM68732s may be programmed in parallel by 
connecting like inputs and applying the program pulse to the 
E/VPpP inputs. Different data may be programmed into multi- 
ple MCM68732s connected in parallel by selectively applying 
the programming pulse only to the MCM69732s to be pro- 
grammed. 


READ OPERATION 

After access time, data is valid at the outputs in the Read 
mode. A single input (E/Vpp) enables the outputs and puts 
the chip in active or standby mode. With E/Vpp = "0" the 
outputs are enabled and the chip is in active mode; with 
E/Vpp = "1" the outputs are three-stated and the chip is in 
standby mode. During standby mode, the power dissipation 
is reduced. 

Multiple MCM689732s may share a common data bus with 
like outputs OR-tied together. In this configuration the 
E/Vpp input should be high on all unselected MCM68732s to 
prevent data contention. 


ERASING INSTRUCTIONS 


The MCM68792 can be erased by exposure to high intensi- 
ty shortwave ultraviolet light, with a wavelength of 2537 
angstroms. The recommended integrated dose li.e., UV- 
intensity X exposure time) is 15 Ws/cm2. Asan example, us- 
ing the ''Model 30-000” UV-Eraser (Turner Designs, Moun- 
tain View, CA 94043) the ERASE-time is 36 minutes. The 
lamps should be used without shortwave filters and the 
MCM68732 should be positioned about one inch away from 
the UV-tubes. 


TIMING PARAMETER ABBREVIATIONS 
xxx 


X 

signal name from which interval is defined — 

transition direction for first signal J 
signal name to which interval is defined 
transition direction for second signal 


The transition definitions used in this data sheet are: 


TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus ad- 
dress setup time is shown as a minimum since the system 
must supply at least that much time (even though most 
devices do not require it). On the other hand, responses from 
the memory are specified from the device point of view. 


H = transition to high Thus, the access time is shown as a maximum since the 
L = transition to low device never provides data later than that time. 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 
WAVEFORMS 
Waveform Input Qutput 
Symbol 
Must Be Will Be 
Valid Valid 
ERS Change Will Change 
FromHioLl From HtoLl 
WIIIIA Change Will Change 
FromLı1oH From Lo H 
Don't Care: Changing: 
EREREN Any Change State 
Permitted Unknown 
High 
impedance 
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MCM68732° MCM681732 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
{Full operating voltage and temperature range unless otherwise noted) 


RECOMMENDED DC OPERATING CONDITIONS { 


MCM681732/MCM68732 
MCM68BL732-35/ MCM68732-35 


Supply Voltage 


Input High Voltage 
Input Low Voltage 


RECOMMENDED DC OPERATING CHARACTERISTICS | 
Characteristic | 
] 
| 


Address Input Sink Current 


Output Low Voltage 
Output High Voltage 


{Full operating vollage and lernperature range unless otherwise noted) 


....0.8 Volt and 2 Volts 
See Figure 1 


Input Pulse Levels .0.8 Volt and 2.2 Volts Output Timing Levels.. 
Input Rise and Fall Times ................uu.c2eneesseeesareennnerenen 20ns Output Load 
Input Timing Levels... ........24me22eneenneeeanene 1.0 Volt and 2 Volts 


| 
AC OPERATING CONDITIONS AND CHARACTERISTICS | 
| 
| 
| 
| 


Cheracteristic 


Address Valid to Output Valid 
E to Output Valid 


| 
N 
Er nz 00mn  Tenoz]| 
} 
| 
N 


Data Hold from Address tAXDX 


READ MODE TIMING DIAGRAM 


A tAddress) 


E/Vpp 
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M MCM681732 


NOTES: C SUFFIX 
1. DIM“L" TO CENTER OF FRIT-SEAL PACKAGE 
LEADS WHEN FORMED CASE 6294.02 
PARALLEL. 


2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 


SEATING PLANE 


(6 | 
[3 | 0.20 [ 0.30 | 0.008 | 0.012 | 
IK | 2291| 4.06 | 0.090 | 

0,600 BSC 


NOTE: L SUFFIX 
1. LEADS TRUE POSITIONED WITHIN CERAMIC PACKAGE 
0.25mm (0.010) DIA (AT SEATING CASE 7186-07 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 


2. DIM "L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 


ey 


| 
al; en 


0.040 | 0.060 


Motorola reserves the right to make changes to any products herein to improve rehability, function or design. Motorola does not assume any 
liability arising out of the application or use Ol any product or circuit described herein; neither does it convey any license under its patent rights 
nor the rights of others. 
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MOTOROLA 


SEMICONDUCTORS MCM68766 


MOS 


8192 x 8-BIT UV ERASABLE PROM IN-CHANNEL, SILICON-GATE) 


8192 x 8-BIT 
UV ERASABLE 
PROGRAMMABLE READ ONLY 
MEMORY 


The MC68766 is a 65,536-bit Erasable and Electrically Reprogram- 
mable PROM designed for system debug usage and similar applications 
requiring nonvolatile memory that could be reprogrammed periodically, 
or for replacing 64K ROMSs for fast turnaround time. The transparent 
window on the package allows the memory content to be erased with 
ultraviolet light. 

For ease of use, the device Operates from a single power supply and is 
Pin-for-pin compatible with the MCM68366 mask programmable ROMs, 
which are available for large volume production runs of systems initially 
using the MCM68766. 
© Single +5 V Power Supply 
® Organized as 8192 Bytes of B Bits 
© Fully TTL Compatible 
© Maximum Access Time = 450 ns MCM68766 

350 ns MCM68766-35 
® Standard 24-Pin DIP for EPROM Upgradability 
® Pin Compatible (0 MCM68366 Mask Programmable ROM 
® Power Dissipation — 160 mA Maximum 


C SUFFIX 
FAIT-SEAL PACKAGE 
CASE 6234 


L SUFFIX CERAMIC PACKAGE 
ALSO AVAILABLE — CASE 716 


PIN ASSIGNMENT 


MOTOROLA’S PIN-COMPATIBLE EPROM FAMILY 


Da... 
G/Vpp........Output Enable/ Program 


INDUSTRY STANDARD PINOUTS *New industry standard nomenclature 


This is advance information and specifications are subject to change without notice. ©MOTOROLAINC., 190 ADI-BA5 
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MODE SELECTION 


Pin Number 
NM | 2 2 24 
13-17, 
Da |VYss| Wvpp | vcc 
Data Ouı 
HirZ vcc 


Pulsed 


ABSOLUTE MAXIMUM RATINGS (1) 


Temperature Under Bias 

Operating Temperature Range 

Storage Temperature 

All Input or Output Voltages with Respect to Vs 


Vpp Supply Voltage with Respect to Vss +28t0 -0.3| Vdc 


Note 1: Permanent device damage may occur il ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher Ihan recommended voltages lor extended periods ol time could af- 
fect device reliability. 


BLOCK DIAGRAM 


vss > Data Inpuv/Output DQ0-D07 


Input/Quiput Buffers 


FIGURE 1 — AC TEST LOAD 


Test Point 


*100 pF 


Matrix 


*Includes Jig Capacitance 
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MCM68766 


TIMING PARAMETER ABBREVIATIONS TIMING LIMITS 


LXKXXX The table of timing values shows either a minimum or a 

signal name from which interval is defined — | maximum limit for each parameter. Input requirements are 
transition direction for first signal specified from the external system point of view. Thus, ad- 

signal name to which interval is defined dress setup time is shown as a minimum since the system 
transition direction for second signal must supply at least that much time (even though most 


devices do not require it}. On the other hand, responses from 
the memory are specified from the device point ol view. 
Thus, the access time is shown as a maximum since the 


The transition definitions used in this data sheet are: 5 A N 
device never provides data later than that time. 


= transition to high 

transition to low 

transition 10 valid 

transition to invalid or don't care 
transition to off (high impedance) 


Nx<rI 
ll 


WAVEFORMS 
Wavetorm Input Output 
Symbol er 
Must Be will Be 
Valid Valid 


Change Will Change 


N FromHiol FromHtol 
Change Will Change 
HER FromLioH FromLtoH 


Don't Care: Changing: 


FR Any Change State 


Permitted Unknown 


— High 
=> Impedance 


OUTLINE DIMENSIONS 


C SUFFIX L SUFFIX 
FAIT-SEAL PACKAGE CERAMIC PACKAGE 
CASE 6294-02 ö CASE 7168-07 


sit mau 


Bein 
[3 
# 
a 
un 
NOTES | NOTE 
1 Om L" TOCENTER OF } %. LEADS TAUE POSITIONED MTRIN 
LEADS WHEN FORMEO T 0.25mm (0.010) DIA (AT SEATING 
PARALLEL [ 56 | A PLANE) AT MARIMUM MATERIAL 
LEAOS WITHIN 0.13 mm [0] 0411 osı lo: i CONDITION [0921 | 
(0. 005) RADIUS OF TRUE I 2. ON "L" TO CENTER OF LEADS [ 0.030 | 0.055 | 
POSITION AT SEATING PLANE H WHEN FORMED PARALLEL 00 
AT MAXIMUM MATERIAL [3 |] 


CONDITION WHEN FORMEO 
PARALLEL) 


Motorols reserves the right 10 make changes 10 any products herein to improve raliabılity, function or design. Motorola does not assume any liability arisii 
out of the applıcation or use of any product or circuit described herein. neıther does it convey any license under its patent rights nor Ihe rights of others. 


(A) MOTOROLA Semiconductor Products Inc. 
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MCM68766 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
{Full operating voltage and temperature range unless otherwise noted} 


RECOMMENDED DC READ OPERATING CONDITIONS 


Suppiy Voltage 


Input High Voltage 
Input Low Voltage 


<|< 
zZ 


IL 


[ Tve ] Max] unte] 
| input Capacitence Vino) 2 — | cn 140|60] pr | 
[eo] | er} 


Output Capacitance (Voyı=0V) 


Capacitance measured with a Boonton Meter or effective capacitance calculated from the 
equation: C=1Ar/AV. 


This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec- 
tric fields; however, it is advised that normal precau- 
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high- 
impedance circuit. 


READ MODE TIMING DIAGRAM 


i A tAddress) 


G/Vpp 


Q (Output) 


(A) MOTOROLA Semiconductor Products Inc. 
275 


MCM68766 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
{Full operating voltage and temperature range unless otherwise noted) 


Input Pulse Levels ........2cccenn. 0.8 Volt and 2.2 Volts Input and Output Timing Levels ......... 0.8 Volt and 2 Volts 
Input Riseand Fall Times. ........2:..2.2uceceecn 20 ns Output Load... See Figure 1 


Address Valid 10 Output Valid G=VL 


& to Hi-Z Output | tsnoz] 
Data Hold from Address | S=v, Juaxox] 


DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
(Ta=3+ 5°C 


RECOMMENDED PROGRAMMING OPERATING CONDITIONS 
Parameter 


Supply Voltage 
Input High Voltage for All Addresses and Data 


Input Low Voltage tor All Addresses and Data 


Program Pulse Input High Voltage 
Program Pulse Input Low Voltage 


PROGRAMMING OPERATION DC CHARACTERISTICS 


Address Input Sink Current Vin = 5.25 V 


Vpp Program Pulse Supply Current IVpp = 35V +1 VW) Fre 
Vpp Supply Current (Vpp = 5 VI = 00] IPL H 


= I6l 
Icc 


Vcc Supply Current 


AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 


Characteristic Symbol 


Address Setup Time tAVPH 
Data Setup Time 20 


[Ouipun Enabie 10 Vald D Trerav [ie] 
[osrpun Didi 10 Dan ienow [201 
[Program Panne wann apneı [nor 
[Program Pulse Aa mo pa [os] 
[Program Paso Fan m er os] 


*|f shorter than 45 ms {min) pulses are used, the same number ol pulses should be applied after ıhe specific data has been verified. 
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MCM68766 


A (Address) 


D or Q (Dasal 


G/Vpp 


PROGRAMMING INSTRUCTIONS 


After the completion of an ERASE operation, every bit in 
the device is in ihe "1"" state (represented by Output High). 
Data are entered by programming zeros (Output Low} into 
the required bits. The words are addressed the sarne way as 
ın the READ operation. A programmed “0” can only be 
changed to a 1" by ultraviolet light erasure. _ 

To set the memory up for Program Mode, the G/Vpp in- 
put {Pin 20) should be between +2.0.and +6.0 V, which will 
three-state Ihe outputs and allow data to be set up on the 
DQ terminals. The Vcc voltage is the same as for the Read 
operation. Only '‘0’s’' will be programmed when ''0's’' and 
"1’s” are entered in the 8-bit data word. 

Alter address and data setup, 25-volt programming pulse 
(VIH to VIHP) is applied to the G/Vpp input. A program 
pulse is applied to each address location to be programmed. 
To minimize Programming Time, a 2 ms pulse width is 
recommended. The maximum program pulse width is 55 ms 
and the maximum program pulse amplitude is 26 V. 

Multiple MCM687665 may be programmed in parallel by 
gonnecting like inputs and applying the program pulse to the 
G/Vpp inputs. Different data may be programmed into 
ultiple MCM68766s connected in parallel by selectively ap- 
piying the programming pulse only to the MCM68766s to be 
atogrammed. 
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PROGRAMMING OPERATION TIMING DIAGRAM 


Address 0 Address 1. 409% 


Address O 


Data Out 


READ OPERATION 


Alter access time, data is valid at the outputs in the Read 
mode. A single input (G/Vpp)] enables the outputs and puts 
the chip in active mode. With G/Vpp = "0" Ihe outputs are 
enabled; with G/Vpp="1"" ıhe outputs are three-stated. 

Multiple MCM68766s may share a common data bus with 
like outputs OR-tied together. In this configuration the 
G/VPpp input should be high on all unselected MCM68766s 
to prevent data contention. 


ERASING INSRUCTIONS 


The MCM68766 can be erased by exposure to high intensi- 
ty shortwave ultraviolet light, with a wavelength of 2537 
angstroms. The recommended integrated dose li.e., UV- 
intensity X exposure time) is 15 Ws/cm2. Asan example, us- 
ing the "Model 30-000 UV Eraser (Turner Designs, Moun- 
tain View, CA 94043) the ERASE-time ıs 36 minutes. The 
lamps should be used without shortwave filters and the 
MCM68766 should be positioned about one inch away from 
the UV-tubes. 


intel PRELIMINARY 


2816 
16K (2K x 8) ELECTRICALLY ERASABLE PROM 


a HMOS-E "FLOTOX Cell Design a Conforms to JEDEC Byte-Wide Family 
Standard 
s Reilabie Floating Gate Technology 
s Microprocessor Compatibie 


u Very Fast Access Time Architecture 
— 250 ns Max. — 2816 
— 350 ns Max. — 2816-3 » Low Power Dissipation 
—495 mW Max. Active Power 
u Single Byte Erase/Write Capabillty —132 mW Max. Standby Power 
s 10 ms Byte Erase/Write Time a Erase/Write Specitications 


Guaranteed 0-70°C 
a Chip Erase Time of 10 ms 


The Intel® 2816 is a 16,984 bit electrically erasabla programmable read-oniy memory (E?PROM). The 2816 can 
be easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device 
Operates from a $-volt power supply in tha read mode; writing and arasıng are accomplished by providing a 
single 21-voit pulse. 


The 2816, with its very fast read accass speed, is compatible with high performance microprocessors such 49 
the BO86-2. Using the fast access speed allows zero wait operation in large system configurations. 


The electrical erasa/write capabillty of the 2816 makes it ideal for a wide variety of applications requiring in- 
system, non-volatlie erase and write. Never before has in-system alterabillty been possibie with this combi- 
nation of density, performance and flexibillty. Any byte can be erased or written in t0 ms without affectIng the 
data in any other byte. Alternatively, the entire memory can be erased in 10 msallowing the totaltIme to rewrite 
all 2K bytes to be cut by 50%. The 2816 provides a significant increase in flexibility allowing new applications 
(dynamic reconfiguration, continuous calibration) never before possible. 


The 2816 E?PROM possesses Intel's 2-Iine control architecture to eliminate bus contentlon in a system 
environment. A power down mode Is also featured; In the standby mode power consumption is reduced by 
over 73% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the 
CE input. 


Byte erase and write are controlled entiraiy by TTL signal levels, yet require no control signais beyond CE and 
ÖE. For byte write a selected chip (CE = TTL low) sanses the 21V Vpp pulse and automatically goes into write 
mode. Byte erasa mode Is identical to byte write except that data-in must be all logic ones (TTL-high). Never 
before has an in-system alteration of non-volatile information been implemented with guch simple control. 


MMOB-E Is a patarıted procems of Intel Corporation. 


OUTPUT ENABLE| 
CHIR ENABLE 


Figure 1. 2818 Functional Block Diagram Figure 2. Pin Diegrame 


nn ELLI nn nn 
Irasl Corporation Asssumes No Aessponsülily far ihm Um of Any Cirasitry Oiner Then Circusiry Empodied ın an Intel Product No Other Cirau Pater Licermas are ımpiled. 


September 1980 
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intel APPLICATION AP-101 
NOTE 


April 1981 


AN 3a 


AP-101 


Flexibility, non-volatility, and a highly consistent 
system architecture — those attributes characterize the 
2816 Electrically Erasable PROM. In this application 
note the electrical parameters that define the perform- 
ance and operation of the device will be discussed. The 
concept of EPROM-like read architecture, encompass- 
ing high speed and 2-line control is detailed. In addition, 
the write/erase access needs some discussion as well. In 
the context of this discussion, the device performance, 
in its entirety, will be considered. In other application 
notes (Ap 102 and Ap 105), the system hardware and 
software architectural implications are discussed in 
detail. 


INTRODUCTION 


The 2816 is a 2K x 8 bit PROM that is electrically 
erasable. It's contents can be changed in the system 
without necessary removal from a board or cabinet. 
Along with this dramatic flexibility, the 2816 is non- 
volatile, just like the EPROM. The E? then benefits the 
user with EPROM-Iike data integrity and {he additional 
capability to alter the memory data in-system. These 
two capabilities have never been possible with semicon- 
ductor memories. In addition to retaining data like the 
EPROM, the 2816 has very last read access; data can be 
obtained from the device in less than 250 ns. This 
benefits system designers with high system performance 
to allow very competitive product entries. 


The inherent flexibility that 2816 technology offers 
comes from the ability to alter single bytes of informa- 
tion. That is, just like a RAM, one byte of information 
can be erased and rewritten. Single-line editing of infor- 
mation is now possible. Direct register to memory 
transfer can occur without using additional and cost!y 
RAM buffer, which is unlike bulk erasable devices. In 
addition, if one wishes to erase the entire device at once, 
then a chip erase function is available. With this opera- 
tion, all 2048 bytes of data can be returned to Logic I in 
10 ms. The entire memory can be erased 300 thousand 
times faster than conventional EPROM:s. 


Because of the capability to write and erase data in- 
system, the 2816 architecture is designed to be very con- 
sistent. That is, the interface to the conventional 
microprocessor is simple and straight forward — 
unweildy and costly interface circuits are unnecessary. 
In the following paragraphs the read access, erase ac- 
cess, and write access modes will be discussed. 


READ ACCESS MODE 


The 2816 pinout, shown in Figure 1, is nearly identical 
to that of the 2716 EPROM. In the read mode, there are 
3 groups of pins that are relevant: address, data, and 
control. The address input pins simply direct informa- 
tion within the device to be placed on the data output 
pins. When either of the control pins, CE or OE is logic 


“1°”, the data output pins are tri-stated. The combina- 
tion of these control pins, called 2-line control, 
eliminates bus contention problems commonly en- 
countered in microprocessor systems. 


Chip enable is used as the primary device selection 
mechanism, and typically is obtained from address 
decoders. If chip enable alone is used to strobe data 
from the device to a common data base, then serious 
bus contention problems can result. Bus contention tim- 
ing, shown in Figure 2, indicates why bus contention oc- 
curs. Basically, when one device on a common data bus 
is turned on, its outputs transition to either high or low 
levels. When it is deselected, there is a finite time delay 
before the output goes high impedance (this delay is a 
Tor time which is specified in the data sheets). 


Contention occurs, as shown, when one device is turn- 
ing on while another is turning off. The timing overlap 
causes the data pins to be illegally driven from two 
sources. On any memory device with a single selection 
pin, system level bus contention can occur. Intel has 
pioneered the solution to bus contention through the use 
of the output enable pin. Output enable, as mentioned, 
simply strobes the output buffer. When output enable is 
connected to the microprocessor RD (read) line, conten- 
tion is eliminated because no timing overlap can occur 
(as shown in Figure 3). Note that CE (derived from ad- 
dresses) occurs far outside the OE signal — no overlap is 
thus possible. The two line control architecture of the 
2816 therefore eliminates bus contention problems. 


PIN NAMES 
{ Se 
Ag-Aıo | ADDRESSES 


ce CHIP ENABLE 
ÖE OUTPUT ENABLE 


09.07 DATA QUTPUTS 


lolz DATA INPUTS 


Ver PROGRAM VOLTAGE 


Figure 1. 2816 Pinout 
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ADDRESSES ADDRESS 2 


IDECODE 
OUTPUTS 1 


OUTPUTSı WY WV 
active X, DATA 1 VALID X / 


tDECODE ITURNOFF 


DATA BUS 


CE2 
OUTPUTS I \Y \Youtputs 2\Y 
0 BUS 
N CONTENTION 
\ |... Output | 
OVERLAP 


Figure 2. Single-Line Control and Bus Contention 


- 1ACC . 
ADDRESSES ADDRESS I ADDRESS 2 
tDECODE |+ =|- TE - 


OEAD) 


DATA BUS DATA 1 VALID 
a 


CE2 \ 
OEıRDı \ 


—— 
NO OVERLAP 


Figure 3. Two-Line Control Archileclure 
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Another important characteristic of the memory access, 
is the speed at which the device can respond. In contem- 
porary microprocessor systerns, when information is re- 
quested from memory, addresses emerge from the CPU 
and are propagated io the memory. The memory 
responds, and sends its information back to the CPU. 
This basic cycle, shown in Figure 4, dictates the speed of 
the memory. Typically, the system diagram of Figure 5 
is common. Delay (both address and data) exists be- 
tween the CPU and memory. Any delay means that the 
memory must respond faster, to keep the access within 
the CPU cycle window. With an 8088 processor in a 
large system, given a delay of 100 ns, the memory must 
have an access time of 360 ns. With an 8086-2, this 
memory must have an access time of around 200 ns. 


ADDRESS BUS 


DATA BUS 


The access timing for the 2816 is shown in Figure 6. As 
shown, it used 2-line control architecture and offers un- 
paralleled high speed (250 ns). High performance 
designs can now operate at optimum efficiency without 
throwing away processor performance that cannot be 
used because of slow memories. 


The DC voltage needed during the read access is 5 volt 
only. The only other pin requiring a voltage input is 
Vpp- During read operations, the V)p pin must be in the 
range of 4 to 6 volts. The broad range of this signal is 
appropriate because Vp, must be switched to a high 
voltage then writing. The specification allows the design 
of simple and low cost voltage switches. A dramatic im- 
provement in design ease has been mäde over the 2716, 
where V,)p must be connected to the V.. pin. 


CYCLE TIME 
DATA NEEDED IN 


Figure 4. Basic MPU Data Read Cycle 


ADDRESS 
LATCH 


MICROPROCESSOR 


ADDRESS 
BUFFER 


MEMORY 
(2816) 


DATA 
BUFFER 


MULTIPLEXED 


Figure 5. Common System Architecture 
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READ MODE 


ADDRESSES 


80ns 
torld) a 
VALID 
OUTPUT 


Figure 6. 2816 Read Access Timing 


ERASE ACCESS MODE 


The information stored in 2816 memory can be erased 
or changed through the application of simple electrical 
signals. A single, 10 ms, 21 volt pulse is all that is 
necessary to change any byte of information. The byte 
of data that needs to be altered must first be erased, 
then written. 


The erase operation occurs automatically when certain 
information is presented to the 2816. In most cases, the 
byte must be erased prior to a data write. Whenever a 
bit within a byte must transition from a Logic 0 10 1, 
that byte must first be erased. Transitions from 1's to 
0’s can occur without an erase operation. Reasons 
behind the necessity for byte erase have been discussed 
in AR-118. 


Mode selection for the 2816 is shown in Figure 7. The 
careful reader will note that the write and erase modes 
are basically identical with exception of the data input 
pins. When the input pins are all Logic Level ‘1’, an 
automatic erase operation occurs. When a data pattern 
of ones and zeroes are presented, that data pattern is im- 
bedded into the 2816 array. To accomplish byte erase 
the 2816 is selected by bringing CE to a logic Low. The 
address is provided to the device as well. To erase, a 
data input is set to ‘‘FF’’ Hex. The V,, is then pulsed, 
through an exponential, to 21 volts. The timing diagram 
for this operation is shown in Figure 8. Note that there 
are set-up time requirements for address and Vpp to chip 
enable. At the completion of the write cycle, there are 
hold time requirements from V7), as well. V„p must rise 
through an exponential specified by an RC time con- 


stant, and be held for a minimum of 9 ms. Vpp can fall 
as quickly as possible, in fact, V)) should be drivento4 
to 6 volts immediately to allow reading from the device, 
after a write. V,, must rise slowly to 21 volts to allow 
low-level cell current flow to minimize cell voltage 
potentials. Simple circuitry is needed to provide this 
rise, and is explained in AP 102. During the entire erase 
cycle the output enable pin is kept at a VIH level. This 
makes much sense from a systern compatibility stand- 
point since OE is an active low signal for read functions, 
and when high is inactive for erase/write functions. 


In the erase mode CE is brought low. Microprocessor 
consistancy is preserved in this case as well because CE 
is derived from decoded addresses. The same address 
decoding circuitry — and nothing more — can be used 
to select the device in either READ or ERASE modes. 
This makes the system implementation very simple and 
straightforward. 


| man 
[ran | 


8YTE ERASE 
BYTE WRITE 


INPUTSI 
OUTPUTS 


ICKEETEE 


ı m 
CHIP ERASE Din = Yın 


EIN INHIBIT 


Figure 7. Mode Selection Vec = +5V 
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BYTE ERASE 


ADDRESSES 


ın 
DATA IN 


—| |#-1on Sons 


STABLE 


Figure 8. Byte Erase Timing 


WRITE ACCESS 


From the standpoint of functionality, the write access 
mode is identical to the erase mode. All setup times, 
hold times, voltage and timings are the same as used to 
erase the device. The only difference in operation is the 
data that is presented to the 2816. When a write is to oc- 
cur, the data that is to be written is simply supplied to 


B8YTE WRITE 


ADDAESSES 


the device. The V), pin is pulsed exactly as before, all 
rise times and timings are consistent with the erase 
mode. 


The timing diagrams for the write mode are shown in 
Figure 9. Also noted in that Figure are the actual device 
timing parameters. 


DATA IN 


Figure 9. Byte Write Timing 
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In general, the 2816 has been designed to allow simple 
and straight forward mode selection and timing. In the 
erase/write mode, the control and functional pin 
designations reflect an in-systern writable architecture. 
The design closely approximates RAM architecture to 
make system design easy. 


The 2816 differs substantially from the 2716 EPROM in 
the write mode. The mode select tables for both devices 
are shown in Figure 10. In all cases, the 2816°s func- 
tionality optimizes read and write operations above and 
beyond those inherent in the 2716 EPROM. All of the 
modes reflect a goal of simple designs in microprocessor 
systems. 


IMPROVED IMPROVED 
— INPUTS/ 
MODE OUTPUTS 
READ 


DON'T CARE 
—t 
DON'T CARE 


STANDBY 


BYTE WRITE 
(PROGRAM) 


YıH VL 


EIW (PROGRAM) |/ Vin | DON'T CARE 
INHIBIT { VL Ym 


IMPAROVED 


IMPROVED IMPROVED 


Figure 10. 2716 Mode Selection 


CHIP ERASE 


CHIP ERASE ACCESS 


In order to erase all2K bytes in IO ms, special signalling 
is required. The output enable pin has been multiplexed 
for Chip Erase functions. To put the 2816 in that mode, 
DE is set inthe range of 9 to 15 volts. Once engaged, the 
chip erase occurs by simply pulsing V,, and OE in the 
same way as the write and erase modes. While a higher 
voltage is needed to perform chip erase, virtually no cur- 
rent flows into the OE pin. A standard 10 4A leakage 
current is specified over the full voltage range. 


The timing diagrams and specifications for this mode 
are shown in Figure 11. The’careful reader will notice 
that all of the signals (with the exception of OE) are 
identical to the write/erase access modes. 


DC VOLTAGE CONDITIONS 


In the write and erase modes, the Vpp signal must be 
held within the 20 to 22 volts operating range. The 21 
volt typical voltage is derived from Intel’s patented 
HMOS-E processing. In the long term this will become a 
standard level for program voltages. If greater than the 
maximum of 22 volts is applied to the 2816, permanent 
and destructive.device damage will result. If less than 20 
volts is applied, then long term data retention is not 
guaranteed. The DC specification for the device is 
shown in Figure 12. 


Figure 11. Chip Erase Timing 
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Figure 12. Write/Erase DC Parameters 


ENDURANCE ISSUES 


The 2816 has a characteristic ceiling on the number of 
erase/write cycles that can be endured. This ceiling ex- 
ists because the cell threshold window changes (or 
closes) as the device is cycled. 


Eventually, the device becomes permanently erased. 
Figure 13 shows how the single bit window changes. 
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Figure 13. Single Bit Endurance Window 
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The E?PROM from Intel is specified to handk 
20,480,000 erase/write cycles per chip. Each byte can be 
cycled up to 10,000 times, and each byte operates in- 
dependently of any other. Given a ten year machine life. 
each byte can be cycled up to 3 times per day. Figure 14 
shows a graph relating product life and maximur 
write/erase frequency. In the majority of applications. 
less than 3,000 cycles are required. 


This makes the 2816 an ideal device for those systems. 


MAXIMUM WRITEJERASE FREQUENCY PER DAY/PER BYTE 


0 5 10 15 20 | 
PRODUCT LIFE YEARS 


Figure 14. Write/Erase Frequency vs Product Life 


CONCLUSION 


In this application note the concept of 2816 function- 
ality has been discussed. Very fast read access, with 
powerful control features was detailed. The function- 
ality of powerful automatic erase, and write, make the 
2816 simple and cost-effective to use. To summarize — 
the 2816’s features offer unexcelled user benefits. Never 
before have EPROM retention features been merged 
with RAM-like flexibility. 


AFN-01013A 


commodore 


semiconductor group 


950 Rittenhouse Ad.. Norristown, PA 19403 ® Tel.: 215/666-7950 « TWX: 510/660-4168 


2316 STATIG READ ONLY MEMORY (2048x8) 


DESCRIPTION 


The 2316 high performance read only memory is organized 2048 words by 8 bils with access 
times ofless than350 ns.This ROM is designed to be compatible with allmicroprocessor and similar 
applicatioris where high performance, large bit storage and simple interfacing are important design 
consideralions. 


The 2316 operates totallyasynchronousiy. No clock input is required. The three programmable 
chip select inputs allow eight 16K ROMS to be OR-tied without extemal decoding. 


Designed to replace two 2708 8K EPROMS, the 2316 can eliminate the need to redesign 
printed circuit boards for volume mask programmed ROMS after prototyping with EPROMS. 


u 400mV Noise Immunity on Inputs a Three-State Outpuls for Wire-OR Expansion 
u 2048 x 8 Bit Organization u Three Programmable Chip Selects 

«Single +5 Volt Supply a Pin Compatible with 2716 EPROM 

u Access Time — 450 ns, 350 ns «a Replacement for two 2708s 

s Totally Static Operation = 2708/2716 EPROMS Accepted as Program 
aTTL Compalible Data Inpuls 


ORDERING INFORMATION PIN CONFIGURATION 


MXS 2316 


FREQUENCY RANGE 
NO SUFFIX = 450ns 
A = 350ns 


PACKAGE DESIGNATOR 
C=CERAMIC 
P = PLASTIC 
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ABSOLUTE MAXIMUM RATINGS COMMENT 


Ambient Temperature under Bias °C to +70°C Siresses above those listed under "Absolute 
Storage Temperature 65°C to +150°C Maximum Ralings" may cause permanent 
Supply Voltage to Ground Potential -0.5V to +7.0V damage to the device. This is a stress rating 
Applied Output Voltage —0.5V to +7.0V onlyand functional operation ofthedevice at 
Applied Input Vollage —-05V to +7.0V these or any olher conditions above those 
Power Dissipation 1.0W indicated in the operalional sections of this 


specilication is not implied. 


D. C. CHARACTERISTICS (Ta = 0°C to +70°C, Vcc = 5.0V + 5%, unless otherwise specified) 


| _Symboi | Parameter _ | min. | max | Unte | TestConanen 2 


Power Supply Current Vın =Vec,Vo =Open, Ta =0°C 
Power Supply Current VINn =Vcc,Vo=Open, Ta =25°C 
Outpul Leakage Current Chip Deselected, Vo =0toVcc 
Input Load Current Vec = Max. VIN =0toVcc 
Output Low Voltage F Vcc = Min. IoL = 2.1mA 
Output High Voltage ; Vcec = Min. IOH = —400uA 


Input Low Voltage f . See Note 1 
Input High Voltage 


Test Conditions 
Address Access Time 
Chip Seleci Delay 
Chip Deselect Delay See Note 2 
Previous Data Valid 
After Address Change 
Delay 


Test Conditions 


All Pins except Pin under 
Test Tied to AC Ground 


pF 
pF 


Note 1: Input levels that swing more negative than —0.,5V will De clamped and may cause damage to the device. 


Note 2: Loading 1 TTL + 100 pF, input transition time: 20 ns 
Timing measurement levels: input 1.5V, output 0.8V and 2.0V. 


Note 3: This parameter is periodically sampled and is not 100% tested. 
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TIMING DIAGRAMS 
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CHIP 
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INPUTS 
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TYPICAL CHARACTERISTICS 


ACCESS TIME VS. ACCESS 
SUPPLY VOLTAGE 


TIME vS 
CAPACITIVE LOAD 


Vec# 4.75V 
Tar 25°C 
U TTL LOAD 


SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 


SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 


Ta AMBIENT TEMPERATURE °C 


PACKAGING DIAGRAM 


CERAMIC PACKAGE MOLDED PACKAGE 


Commodore Semiconductor Group reserves the right to make changes to any products herein to improve 
reliability, lunction or design. Commodore Semiconductor Group does not assume any liability arising oul of 
the application or use of any product or circuil described herein; neither does it convey any license under its 
patent rights nor the rights of others. 
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23616 STATIG READ ONLY MEMORY (2048x8) 


DESCRIPTION 


Tne 239C16 high performance read only memory is organized 2048 words y 
times of less than450 ns. This ROM is designed to be compatible with allmicroß 
applications where high performance, large bit storage and simple interfagj 


considerations. 


= 400mV Noise Immunity on Inputs 
=2048 x 8 Bit Organization 

„ Single +5 Volt Supply 

u Access Time — 450 ns 

«Totally Static Operation 

a TTL Compatible 


PACKAGE DESIGNATOR 
C=CERAMIC 
P=PLASTIC 


»Grammable Chip Selects 
patible with 2716 EPROM 


08/2716 EPROMS Accepted as Program 
Data Inputs 


PIN CONFIGURATION 


2%16 
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ABSOLUTE MAXIMUM RATINGS COMMENT 


Ambient Temperature under Bias °C to +70°C. Siresses above those listed under “Absolute 
Storage Temperalure 65°C to +150°C Maximum Ratings” may cause permanent 
Supply Voltage Io Ground Potential —O.5V to +7.0V damage to the device. This is a stress raling 
Applied Outpul Voltage —0.5V to +7.0V onlyandfunctional operation ofthedeviceal 
Applied Input Voltage —0.5V 10 +7.0V these or any other conditions above those 
Power Dissipation 1.0W indicated in the operational sections of this 


specilication is not implied. 


D. C. CHARACTERISTICS (Ta = 0°C to +70°C, Vec = 5.0V + 5%, unless olherwise specified) 


| Symbot | Parameter | min. | max. | untts | Testcondtnn—D— | 
Icc mA 


Power Supply Current 10 F=1MHz 
Stand-by Power Supply 10 Chip Deselected 
Current 

Output Leakage Current 
Input Load Current 


Output Low Voltage 
Output High Voltage 


Chip Deselected 
Vcc = Max. Gnd< VIN < Vec 
Vcec = Min. IOL = 2.1mA 

Vcc = Min. IOH = —400uA 
See Note 1 


10 
10 


Input Low Voltage 
Input High Voltage 


Test Conditions 


450 ns 
200 ns 
100 ns See Nolte 2 


CAPACITANCE (Ta = 25°C, f = 1.0MHz, See Nolte 3) 
| Symboi | Parameter | min. | Max. | units | TestConaitions 
CIN Input Capacitance pF All Pins except Pin under 
COUT Output Capacilance pF Tesi Tied to AC Ground 


Note 1: Input levels that swing more negative Ihan —0.,5V will be clamped and may cause damage to the device. 


Note 2: Loading 1 TTL + 100 pF, input transition time: 20 ns 
Timing measurement levels: input 1.5V, output 0.8V and 2.0V. 


Note 3: This parameler is periodically sampled and is not 100% tested. 


Address Access Time 
Chip Select Delay 
Chip Deselect Delay 


Previous Data Valid 
After Address Change 
Delay 
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TIMING DIAGRAMS 


INPUTS INVALID VALID INVALID 


CHIP 


SELECT DISABLED DISABLED 
INPUTS 
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PACKAGING DIAGRAM 


CERAMIC PACKAGE MOLDED PACKAGE 


COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to 
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 


liability arising out of the application or use of any product or circuit described herein; neither does itconvey 
any license under its patent rights nor the rights of others. 
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2332 STATIC READ ONLY MEMORY (4096x8) 


DESCRIPTION 


The 2332 high performance read onty memory is organized 4096 words by 8 bits with access 
times of less than 350 ns. This ROM is designed to be compatible with all microprocessor and 
similar applications where high performance, large bit storage and simple interfacing are important 
design considerations. This device offers TTL input and output levels. 


The 2332 operates totally asynchronously. No clock input is required. The two programmable 
chip select inputs allow four 32K ROMS to be OR-tied without external decoding. 


Designed to replace two 2716 16K EPROMS, the 2332 can eliminate the need to redesign 
printed circuit boards for volume mask programmed ROMS after prototyping with EPROMS. 


4096 x 8 Bit Organization Three-State Outputs for Wire-OR Expansion 
Single +5 Volt Supply Two Programmable Chip Selects 
Access Time — 2332 4S0ns Pin Compatibie with 2716 & 2732 EPROM 
2332A 350 ns Replacement for Two 27165 
Completely TTL Compatible 2708/2716 EPROMS Accepted as Program Data Inputs 
Totally Static Operation 400mV Noise Immunity on Inputs 


ORDERING INFORMATION IB CONFIGURATION 
MXS 2332 


2332 


21) cS2/C52 
FREQUENCY RANGE 
NO SUFFIX = 450ns 
A = 350ns 


PACKAGE DESIGNATOR 
C = CERAMIC 
P= PLASTIC 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating Temperature 0°to +70°C 
Storage Temperature -65°C to +150°C 
Supply Voltage to Ground Potential -0.5V to +7.0V 
Applied Output Voltage -0.5V to +7.0V 
Applied Input Voltage -0.5V to +7.0V 
Power Dissipation 1.0W 


D.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Voc = 5.0V #5% (unless otherwise specified) 


Power Supply Current 
Power Supply Current 


Icc2 

lo Output Leakage Current 
I Input Load Current 
VoL Output Low Voltage 
VOoH Output High Voltage 
VL Input Low Voltage 


Input High Voltage 


A.C. CHARACTERISTICS 
TA = 0°C to + 70°C, Vec = 3.0V #5% (unless otherwise specified) 


Address Access Time 


Ico Chip Select Delay 
tDF Chip Deselect Delay 
tOH Previous Data Valid 


Alter Address Change Delay 


CAPACITANCE 
Ta = 25°C, t = 1.0MHz, See Note 3 


Input Capacitance 
Output Capacitance 


COMMENT 


Stresses above those listed under "Absolute 
Maximum Ratings’ may cause permanent 
damage to the device. This isa stress rating 
only and functional operation of ihe device 
at these or any other conditions above 
those indicated in the operational sections 
of this specification is not implied. 


Test Conditions 
Vin u Vec: Vo = Open, Ta =0C 
VIN = Vec: Vo = Open, Ta = 25°C 
Chip Deselected, Vg =OtoVcc 
Vcec = Max. VIN =0Oto Vec 
Vcec = Min. IoL = 2.1mA 

Vcc = Min. IOH = -400uA 

See note 1 


Test Conditions 


See Note2 


All Pins except Pin under 
Test Tied to AC Ground 


Note 1: Input levels that swing more negative than -0.5V will be clamped and may cause damage to the device. 


Note 2: Loading 1 TTL + 100 pF, input transition lime: 20 ns. 


Timing measurement levels: input 1.5V, output 0.8V and 2.0V. C|_ = 100 pF. 


Note 3: This parameter is periodically sampled and is not 100% tested. 
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ADDRESS 
INPUTS 


CHIP 
SELECT DISABLED DISABLED 
INPUTS 

DATA 

OUTPUTS |MPEDANCE L. IMPEDANCE 


INVALID 


DECODER 


ROW 


TIEING DIAGRAM 


VALID 


INVALID 


BLOCK DIAGRAM 


BUFFER 


OUTPUT 


COLUMN 
DECODER 
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TIPICAL CRARACTERISTICS 


ACCESS TIME vS 
CAPACIıTIVE LOAD 


ACCESS TIME v5 
SUPPLY VOLTAGE 


VcC:4,75V 
Tas zy°cC 
I TIL LOAD 


SUPPLY CURRENT VS 
SUPPLY VOLTAGE 


SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 


Ta AMBIENT TEMPERATURE °C 


COMMODORE SEMICONDUCTOR GROUP reserves Ihe right to make changes to any producls herein lo 
improve reliability, lunction or design. COMMODORE SEMICONDUCTOR GROUP does nol assume any 
liability arising oul of Ihe application or use of any product or circuit described herein; neither does il convey 


any license under its patent rights nor the rights ol olhers. 


298 


commodore 


mos technology 


950 Rittenhouse Ad., Norrisiown, PA 19403 ® Tel.: 215/666-7050 © TWX: 510/660-4168 


632 STATIC READ ONLY MEMORY (4096x8) ( \ 


we 


DESCRIPTION 


The 23C32 high performance read only memory is organized 4096 
times ofless than 450 ns. This ROM is designed to be compatible wit 
applications where high performance, large bit storage and simple 
considerations. 


The 23032 operates totally asynchronously. No clock inp 


e two programmable 
chip select inputs allow four 32K ROMS to be OR-tied i 


, oding. 


« 400mV Noise Immunity on Inputs 
« 4096 x 8 Bit Organization 
« Single +5 Volt Supply 

« Access Time — 450 ns 


patible with 2716 & 2532 EPROM 
Placement for 2716 


Totally Static Operation 
TTL Compatible 


MXS 23C32 
& Bi DESIGNATOR 


C=CERAMIC 
P=PLASTIC 


21) 52/152 


MOS Technology, Inc. Optoelectronica, Inc. 
950 Ritenhouse Rd. Nomsiown. PA 19403 commodore 4350 Beitwood Parkway South. Dallax, TX 75234 
Tel. 215/666-7950 TWX: 510/660-4186 semiconductor group Teı 214/387.0006 TLX 730969 


Commodore Electronics Lid. 
Inc. 299 Shing Dao Industral Building 
2055 N. Airway Avo. Costa Mesa. CA 92626 232 Aberdeen Maın Ad., Hong Kong 
Tel: 714/979-6300, TUX: 685649 Tel. 5/540241, TLX. 78065366 


ABSOLUTE MAXIMUM RATINGS COMMENT 


Ambient Temperalure under Bias °C to +70°C Stresses above Ihose listed under "Absoluss 
Storage Temperature -65°C to +150°C Maximum Ralings” may cause permanet 
Supply Vollage to Ground Potential -05V to +7.0V damage lo the device. This is a stress ratinc 
Applied Output Voltage -05V Io +7.0V onlyand lunclional operation ofthedevices 

05V to +7.0V these or any other conditions above those 


Applied Input Voltage 
indicated in the operational sections ol ths 


specificalion is not implied. 


D. C. CHARACTERISTICS (Ta = 0°C Io +70°C, Vec = 5.0V + 5%, unless otherwise specified) 


HER Test Conditions 


Power Supply Current F=1 MHz 


Stand-by Power Supply Chip Deselected 
Current 


Output Leakage Current 
Input Load Current 
Output Low Voltage 
Output High Voltage 
Input Low Vollage 
Input High Voltage 


Chip Deselected 

Vec = Max. Gnd < Vin <S Vcc 
Vcc = Min. IoOL = 2.1mA 

Vcc = Min. IOH = -400uA 
See Nole 1 


A. C. CHARACTERISTICS (TA = 0°C to +70°C, Vec = 5.0V + 5%, unless otherwise specified) 


Test Conditions 


ae ee 


Address Access Time 
ns 
1 di ns 


Chip Select Delay 
CAPACITANCE (Ta = 25°C, [= 1.0MHz, See Nolte 3) 


Chip Deselect Delay 
Previous Data Valid 
| Symbor | Paramstr | min. | Be Test Conditions 
CıN Input Capacilance All Pins except Pin under 
CouUT | Output Capacilance Tesı Tied to AC Ground 


Alter Address Change 
Note 1: Inpul levels that swing more negative than —0.5V will be clamped and may cause damage to the device. 


Delay 
Note 2: Loading 1 TTL + 100 pF, input transilion lime: 20 ns 
Timing measurement levels: input 1.5V, output 0.8V and 2.0V. 


Note 3: This parameter is periodically sampled and is not 100% tested. 


See Nole 2 
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PACKAGING DIAGRAM 


CERAMIC PACKAGE MOLDED PACKAGE 


COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to 
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 
liability arising oul of the application or use of any product or circuit described herein; neither does it convey 
any license under its patent rights nor the righis of others. 
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2364 STATIC READ ONLY MEMORY (8192x8) 


DESCRIPTION 


The 2364 high performance read only memory is organized 8192 words by 8 bits with access 
times of less than 350 ns. This ROM is designed to be compatible with all microprocessor and 
similar applications where high performance, large bit storage and simple interfacing are important 
design considerations. This device offers TTL. input and output levels. 


The 2364 operates totally asynchronously. No clock input is required. The programmable chip 
select input allows two 64K ROMS to be OR-tied without external decoding. 


Designed to replace two 2732 32K EPROMS, the 2364 can eliminate the need to redesign 
printed circuit boards for volume mask programmed ROMS after prototyping with EPROMS. 


« 8192 x8 Bit Organization 
e Single +5 Volt Supply 


One Programmable Chip Select 
Pin Compatible with 2716 & 2732 EPROM 
e Access Time — 450 ns, 350. ns Replacement for Two 2732s 

e Completely TTL Compatible 2716/2732 EPROMS Accepted as 

+ Totally Static Operation Program Data Inputs 

e Three-State Outputs for Wire-OR Expansion 400mV Noise Immunity on Inputs 


ORDERING INFORMATION 
MXS 2364 


FAN CONFISDnATIOn 


2364 


FREQUENCY RANGE 
NO SUFFIX = 450ns 
A = 350ns 


PACKAGE DESIGNATOR 
C=CERAMIC 
P=PLASTIC 
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ABSOLUTE MAXIMUM RATINGS COMMENT 


Ambient Temperature under Bias °C to +70°C Stresses above Ihose listed under “Absolute 

Storage Temperature 65°C to +150°C Maximum Ralings" may cause permanent 

Supply Voltage to Ground Potential -0,5V to +7.0V damage to the device. This is a stress rating 

Applied Output Voltage —-0,5V to +7.0V onlyand functional operation ofthe device at 

Applied Input Voltage -0.5V to +7.0V these or any other conditions above those 

Power Dissipation 1.0W indicated in Ihe operational sections of this 
specification is nol implied. 


D.C. CHARACTERISTICS (TA = 0°C to +70°C, Vec = 5.0V + 5%, unless otherwise specified) 


|_Symboi [ Parameter | min. | Max. | untts | TestCondtomn _ ___| 


Power Supply Current VIn =Vcc.Vo =Open, Ta = 0°C 
Power Supply Current Vın=Vec.Vo=Open Ta=25°C 
Oulput Leakage Current Chip Deselected, Vo =0 to Vec 
Input Load Current Vec = Max. Vin =0loVcc 
Oulput Low Vollage $ Vcc = Min. IOL = 2.1mA 
Output High Voltage ; Vcc = Min. IOH = -400uA 
Input Low Voltage R . See Note 1 

Input High Voltage 


A. C. CHARACTERISTICS (Ta = 0°C to +70°C, Vec = 5.0V + 5%, unless otherwise specified) 


| 20a | zum | 
beamer (ef | ron 


Address Access Time 450 350 

Chip Select Delay 200 200 

Chip Deselect Delay 175 175 See Note 2 
Previous Data Valid 

After Address Change 

Delay 


CAPACITANCE (Ta = 25°C, t = 1.0MHz, See Note 3) 


| units | Test Conditions 
pF All Pins except Pin under 
pF Test Tied to AC Ground 


Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage lo the device. 


Note 2: Loading 1 TTL + 100 pF, input transition time: 20 ns 
Timing measurement levels: input 1.5V, output 0.8V and 2.0V. C| = 100 pF 


Note 3: This parameter is periodically sampled and is not 100% lested. 
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TYPICAL CHARACTERISTICS 


ACCESS TIME v3 ACCESS TIME VS. | 
SUPPLY VOLTAGE CAPACITIVE LOAD 
900 
! 
' 
N 
' 


400 
acc 
(n3) MITER LT 
Tar 29°C 
200 I TIL LOAD 
100 
3 4 s ‘ r 00 200 30 400 soo | 


Ta AMBIENT TEMPERATURE °C 
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COMMODORE SEMICONDUCTOR GROUP reserves Ihe right to make changes to any products herein to 
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 
liability arising out of the application or use of any product or circuil described herein; neilher does it convey 


any license under its palent rights nor Ihe rights of olhers. 


2048x8 Static SY2316A 
BJ Read Only Memory SY2316B 


MEMORY 
Synertek’ PRODUCTS 


2048xB Bit Organization 
Single +5 Volt Supply 
Metal Mask Programming 


Two Week Prototype Turnaround 
Access Time-550ns /450ns (max.) 
Totally Static Operation 


Completely TTL Compatible 

Three-State Outputs for Wire-OR Expansion 

Three Programmable Chip Selects 

5Y2316A — Replacement for Intel 2316A 

sY2316B — Pin Compatible with 2708 EPROM 
— Replacement for Two 270Bs 


The SY2316A and 5Y2316B high performance read 
only memories are organized 2048 words by 8 bits 
with access times of less than 550 ns and 450 ns. 
These ROMs are designed to be compatible with all 
microprocessor and similar applications where high 
performance, large bit storage and simple interfacing 
are important design considerations. These devices 
offer TTL input and output levels with a minimum of 
0.4 Volt noise immunity in conjunction with a +5 
Volt power supply. 


PIN CONFIGURATION 


SY2316A SY2J16B 


ORDERING INFORMATION 


Order Package Access Temperature 
Number Type Time Range 
SYC2316A Ceramic 550ns 0°C to+70°C 
SYP2316A Plastic 550ns 0°C to+70°C 
SYC2316B Ceramic 450ns O’Cto+70°C 
SYP2316B Plastic 450ns 0°C to+70°C 


A custom number will be assigned by Synertek. 


P.O. Box 552 . 
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Santa Clara, CA 95051 


The SY2316A/B operate totally asynchronously. No 
clock input is required. The three programmable Chip 
Select inputs allow eight 16K ROMs to be OR-tied 
without external decoding. Both devices offer three- 
state output buffers for memory expansion. 


Designed to replace two 2708 8K EPROMSs, the 
SY2316B can eliminate the need to redesign printed 
circuit boards for volume mask programmed ROMs 
after prototyping with EPROMs. 


BLOCK DIAGRAM 


Vec GNO 


I 1 


16.384 BIT 
ROM 


CELL ARRAY 


ROW DECODER {1 of 1201 
QUTPUT BUFFERS 


. Telephone (408) 984-8900 « 


B-10K-7/76 


TWX: 910-338-0135 


SY2316A 
SY2316B 


u 


ABSOLUTE MAXIMUM RATINGS* COMMENT* 


Ambient Operating Temperature 0° 10 +70°C Stresses above those listed under “Absolute Maxi- 
Storage Temperature -65°C to +150°C mum Ratings’‘ may cause permanent damage to the 
device. These are stress ratings only. Functional 
Supply Voltage to Ground Potential -0.5V to +7.0V operation of this device at these or any other condi- 
Applied Output Voltage -0.5V to +7.0V tions above those indicated in the operational sec- 
A tions of this specification is not implied and exposure 
Applied Input Voltage -0,5V to +7.0V to absolute maximum rating conditions for extended 
Power Dissipation 1.0W periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Vcc = 5.0V + 5% (unless otherwise specified) 


raum _ | mm [me Tan 


Output HIGH Voltage 


Test Conditions 


VoH Vcc = 4.75V, lon = —200 uA 


VoL Output LOW Voltage Vcc = 4.75V, lo =2.1mA 
ViH Input HIGH Voltage 
VıL Input LOW Voltage See Note 1 
ILı Input Load Current Vcc = 5.25V, 0V <& Vin < 5.25V 
ILo Output Leakage Current Chip Deselected 
Vour= +0.4V to Vec 
Icc Power Supply Current Output Unloaded 


Vcc = 5.25V, Vin= Vec 


Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device. 


A.C. CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = 5.0V # 5% (unless otherwise specified) 
SY2316B SY2316A 

ee | Min. | Max. | Min. | Max. | 


Symbol Test Conditions 


tacc Address Access Time Output load: 1 TTL load 
tco Chip Select Delay and 100 pf 

tor Chip Deselect Delay Input transition time: 2Ons 
toH Previous Data Valid After Timing reference levels: 


Input: 1.5V 
Output: 0.8V and 2.2V 


Address Change Delay 


CAPACITANCE 
ta = 25°C, f = 1.0MHz, See Note 2 


Test Conditions 


De a en 


Input Capacitänce 
Output Capacitance si 


Note 2: This parameter is periodically sampled and is not 100% tested. 


AII pins except pin under 
test tied to AC ground 


TIMING DIAGRAM 


HAAR wo 
EA SERER 
CRELEKKIER RR 


SERUEES 
DISABLED 
RETTEN, 


ADDRESS 
INPUTS 


Ex 


ENABLEO 


DATA 
OUTPUTS 


f HIGH IMPEDANCE 
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SY2316B 
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PROGRAMMING INSTRUCTIONS 


All Synertek read only memories utilize computer aided techniques 
to manufacture and test custom bit patterns. The custom bit pattern 
and address information is supplied on standard 80 column com- 
puter cards in the format described below. 


AN addresses and related output patterns Must be completely de- 
fined. Each deck of cards defining a specific ROM bit pattern 
consists of 1) four Title Cards and 2) address and bit pattern Data 
Cards. Positive logic is generally used on all input cards: a logie "1" 
is the most positive or HIGH level, and a logic ''0” is the most nega- 
tive or LOW level. Synertek can also accept ROM data in other 
formats, compatible with most microprocessors and PROMS. Con- 
sult your Synertek representative for details. 


TITLE CARDS 


A set of four Title Cards should accompany each data deck. These 
cards give our computer programs additional information necessary 
to accurately produce high density ROMS. These four Title Cards 
must contain the following information: 


COLUMN 


1-30 
31-50 
60-72 


INFORMATION 


First Card Customer name 

Customer part number 

Synertek part number (punch "2316A’' 

or "2316B“) 

Customer contact (name) 

Customer telephone number 

Leave blank - pattern number to be 

assigned by Synertek 

30 C$3/C53 chip select logie level (if LOW 
selects chip, punch "0°: if HIGH selects 
chip, punch "1" 

CS2/C52 chip select logic level. 
CS1/CS1 chip select logic level. 

Data Format. Synertek, or Intel data 
card format may be used. Specify for- 
mat by punching "Synertek,” or “Intel” 
starting in column one, 

Logic format; punch "POSITIVE 
LOGIC" or "NEGATIVE LOGIC.” 

Truth table verification code; punch 
either "VERIFICATION HOLD” (man- 
ufacturing starts after customer approval 
of bit pattern data supplied by Synertek) 
or "VERIFICATION NOT NEEDED” 
{manufacturing starts immediately upon 
receipt of customer card deck) 


Second Card 1-30 


31-50 
Third Card 1-6 


Fourth Card 


15-28 


35-57 


SYNERTEK DATA CARD FORMAT 


All addresses are coded in decimal form {0 through 2047). All out- 
put words are coded both in binary and octal forms. Output 8 (Os) 
is the MSB, and Output 1 (O1} is the LSB. 


INFORMATION 


Decimal address 

Output (MSB-LSB) 

Octal equivalent of output data 
Decimal address 

Output (MSB-LSB) 

Octal equivalent of output data 
Decimal address 

Output (MSB-LSB) 

Octal equivalent of output data 
Decimal address 

Output (MSB-LSB) 

Octal equivalent of output data 


COLUMN 


Data Cards 1-4 
6-13 
15-17 
22-25 
27-34 
36-38 
43-46 
48-55 
57-59 
64-67 
69-76 
78-80 


INTEL DATA CARD FORMAT 


Output data is punched as either a “P” or an ''N”; a P” is defined 
as a HIGH, and an “N” is defined as a LOW. Output 8 (Oe) is the 
MSB and Output 1 (O1) is the LSB. The four Title Cards listed 
above must accompany the Intel card deck. 


COLUMN 
Data Cards 1-5 


INFORMATION 


Punch the 5-digit decimal equivalent of 
the binary coded address which begins 
each card. This is the initial input 
address. The address is right justified, 
i.e. 00000, 00008, 00016, etc. 

Qutput data (MSB-LSB) for initial input 
address. 

Output data for initial input address +1 

Output data for initial input address +2 

Output data for initial input address +3 

Qutput data for initial input address +4 

Output data for initial input address +5 

Qutput data for initial input address +6 

Output data for initial input address +7 

ROM pattern number {may be left 
blank) 


Send bit pattern data to the following special address: 
Synertek — ROM 
P.O. Box 552 
3050 Coronado Drive 
Santa Clara, CA 95051 
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SY2316B 
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TYPICAL CHARACTERISTICS 


ACCESS TIME VS. CAPACITIVE LOAD ACCESS TIME VS. SUPPLY VOLTAGE 


TyPIGAL syaarsa 500 


I hnbatam 
3] TYPICAL SY2I18B. sl 


ypıcay sr z31eR 


Ta= 25°C 
100 I TTL LOAD. 
Cu = 100 pF 
0 0) 
0 100 200 300 400 500 600 700 35 40 45 50 55 60 65 7.0 


CL -pf Vce - Volt 


SUPPLY CURRENT VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. SUPPLY VOLTAGE 


Icc - mA 


lcc=mA 


() 
35 40 45 50 55 60 65 70 
Ta - AMBIENT TEMPERATURE - 0°C Vee - Volts 


PACKAGING DIAGRAM 


CERAMIC PACKAGE PLASTIC PACKAGE 
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4096x8 Static 
Read Only Memory 


SY2332 


MEMORY 


Synertek°® PRODUCTS 


4096 x 8 Bit Organization 

Single +5 Volt Supply 

Three Week Prototype Turnaround 
Access Time-450ns (max) 

Totally Static Operation 
Completely TTL Compatible 


The SY2332 high performance read only memory is 
organized 4096 words by 8 bits with access times of 
less than 450 ns. This ROM is designed to be compat- 
tble with all microprocessor and similar applications 
where high performance, large bit storage and simple 
interfacing are important design considerations. This 
device offers TTL input and output levels with a min- 
imum of 0.4 Volt noise immunity in conjunction with 
a +5 Volt power supply. 


PIN 
CONFIGURATION 


ORDERING INFORMATION 


Order Package Access Temperature 
Number Type Time Range 


SYC2332  Ceramice 450ns 0°C to +70°C 
SYP2332 Plastic 450ns 0°C to +70°C 


A custom number will be’ assigned by Synertek., 


Three-State Outputs for Wire-OR Expansion 

Two Programmable Chip Selects 

Pin Compatible with 2716 EPROM 

Replacement for Two 27165 

2708/2716 EPROMs Accepted as Program 
Data Inputs 


The SY2332 operates totally asynchronously. No 
clock input is required. The two programmable Chip 
Select inputs allow four 32K ROMs to be OR-tied 
without external decoding. Both devices offer three- 
state output buffers for memory expansion. 


Designed to replace two 2716 16K EPROMs, the 
5Y2332 can eliminate the need to redesign printed 
circuit boards for volume mask programmed ROMs 
after prototyping with EPROMs. 


BLOCK DIAGRAM 


Vcec GAD 


II 


32.768 BIT 
ROM 
CELL ARRAY 


AOW DECODER (101 128) 
OUTPUT BUFFERS 


fe) ) 
ch Cc5 


S Synertek® . 


P.O. Box 552 . Santa Clara, CA 95052 . Telephone (408) 984-8900 . TWX: 910-338-0135 


B-10K-8/77 
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ABSOLUTE MAXIMUM RATINGS* 
0°C to +70°C 
-65°C to +150°C 
-0.5V to +7.0V 
-0.5V to +7.0V 
-0.5V to +7.0V 
1.0W 


Ambient Operating Temperature 
Storage Temperature 

Supply Voltage to Ground Potential 
Applied Output Voltage 

Applied Input Voltage 

Power Dissipation 


D.C. CHARACTERISTICS 


COMMENT* 


Stresses above those listed under "Absolute Maximum 
Ratings’’ may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above 
those indicated on the operational sections of this 
specification is not implied and exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


Ta = 0°C to +70°C, Vec = 5.0V 45% (unless otherwise specified) 


Symbol 
Output HIGH Voltage 
Output LOW Voltage 
Input HIGH Voltage 
Input LOW Voltage 
Input Load Current 
Output Leakage Current 


Power Supply Current 


| fammam mm [Mn Tine 


Test Conditions 


Vcc = 4.75V, IoH = -200uA 
Vcc =4.75V, IoL=2.1mA 


See Note 1 

Vec = 5.25V, 0V <Vjn S5.25V 
Chip Deselected 

VOUT = +0.4 Vto Vcc 

Output Unloaded, Chip Enabled 
Vcc = 5.25V, VIn = Vcc 


Note 1: Input levels that swing more negative than -0.5V will be clamped and may cause damage to the device. 


A.C. CHARACTERISTICS 


TA = 0°C to +70°C, Vcc = 5.0V +5% (unless otherwise specified) 


BR Min. | Max | 


Address Access Time 
Chip Select Delay 

Chip Deselect Delay 
Previous Data Valid After 
Address Change Delay 


CAPACITANCE 
ta = 25°C,f = 1.0MHz, See Note 2 


Test Conditions 


Output load: 1 TTL load 
and 100pF 

Input transition time: 20ns 

Timing reference levels: 
Input: 1.5V 
Output: 0.8V and 2.0V 


Parameter 


Input Capacitance 
Output Capacitance 


Test Conditions 


All pins except pin under 
test tied to AC ground 


Note 2: This parameter is periodically sampled and is not 100% tested. 


TIMING DIAGRAM 


ADDRESS 
INPUTS 


cHıp 
SELECT 
INPUTS 


DATA 


HIGH IMPEDANCE 


in 


PROGRAMMING INSTRUCTIONS 


All Synertek read only memories utilize computer aided tech- 
niques to manufacture and test custom bit patterns. The cus- 
tom bit pattern and address information is supplied on stan- 
dard 80 column computer cards or 1’' wide paper tape. 


CARD FORMAT 


All addresses and related output patterns must be completely 
defined. Each deck of cards defining a specific ROM bit pat- 
tern consists of 1) four Title Cards and 2) address and bit pat- 
tern Data Cards. Positive logie is generally used on all input 
cards: a logie ‘1’ is the most positive or HIGH level, and a 
logie ‘0° is the most negative or LOW level. Synertek can 
also accept ROM data in other formats, compatible with 
most microprocessors and PROMs. Consult your $ynertek 
representative for details. 


TITLE CARDS 


A set of four Title Cards should accompany each data deck. 
These cards give our computer programs additional informa- 
tion necessary to accurately produce high density ROMs. These 
four Title Cards must contain the following information: 


COLUMN INFORMATION 


First Card 1-30 Customer name 
31-50 Customer part number 
60-72 Synertek part number (punch 
"2332') 
Second Card 1-30 Customer contact (name) 
31-50 Customer telephone number 
Third Card 16 Leave blank — pattern number to 
be assigned by Synertek 
30 C$2/C52 chip select logic level (if 
LOW selects chip, punch 0"; if 
HIGH selects chip, punch ''1"; if 
DON’T CARE, punch '"2" 
CS1/CS1 chip select logic level. 
Data Format. Punch “Intel” starting 
in column one. 
Logic Format; punch "POSITIVE 
LOGIC” or NEGATIVE LOGIC.” 
Truth table verification code;punch 
either “VERIFICATION HOLD” 
{manufacturing starts after customer 
approval of bit pattern data supplied 
by Synertek) or "'VERIFICATION 
NOT NEEDED' (manufacturing 
starts immediately upon receipt of 
customer card deck) 


Fourth Card 


INTEL DATA CARD FORMAT 


Qutput data is punched as either a ‘'P’' or an "N; a "'P’ is 
defined as a HIGH and an "N is defined as a LOW. Output 
8 (Og) is the MS8 and Output 1 (O1) is the LSB. The four 
Title Cards listed above must accompany the Intel card deck. 


COLUMN INFORMATION 


Data Cards 1-5. Punch the 5-digit decimal equivalent 
of the binary coded address which 
begins each card. This is the inital 
input address. The address is right 
justified, i.e. 00000, 00008, 00016, 
etc. 

7.14 Output data {MSB-LSB) for initial 
input address. 

16-23 Output dates for initial input address +1 

25-32 Output data for initial input address +2 
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34-41 Output data for initial input address +3 

43-50 Output data for initial input address +4 

52-59 Output data for initial input address +5 

61658 Output data for initial input address +6 

70-77 Output data for initial input address +7 

7980 ROM pattern number {may be left 
blank) 


INTEL PAPER TAPE FORMAT 


The paper tape which should be used is 1’ wide paper tape 
using 7 or 8 bit ASCII code, such as a model 33 ASR teletype 
produces. 


BPNF Format 


The format requirements are as follows: 

1. All word fields are to be punched in consecutive order, 
starting with word field ® (all addresses low). There must 
be exactly N word fields for the N x 8 ROM organization. 

. Each word field must begin with the start character B and 

end with the stop character F. There must be exactly B 
data characters between the B and F for the N x B organ- 
ization. 
NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE 
ALLOWED ANYWHERE IN A WORD FIELD. If in pre- 
paring a tape, an error is made, the entire word field, in- 
cluding the B and F must be rubbed out. Within the word 
field, a P results in a high tape level output, and an N re- 
sults in a low level output. 

. Preceding the first word field and following the last word 
field, there must be a leader/trailer length of at least 25 
characters. This should consist of rubout punches (letter 
key for Telex tapes) 

. Between word fields, comments not containing B’s or F’s 
may be inserted. Carriage return and line feed characters 
should be inserted {as a ‘'comment‘') just before sach word 
field (or at least between evary four word fields). When 
these carriage returns, etc. are inserted, the tape may be 
easily listed on the teletype for purposes of error checking. 
The customer may also find it helpful to insert the word 
number (as a comment) at least every four word fields. 

. Included in the tape before the leader should be the cus- 
tomer’s complete Telex or TWX number and if more than 
one pattern is being transmitted ‚the ROM pattern number. 

. MSB and LSB are the most and least significant bit of the 
device outputs. Reter to the data sheet for the pin numbers. 


HEXADECIMAL PROGRAM TAPE FORMAT 


The hexadecimal tape format used by the INTELLEC 8 sys- 
tem isa modified memory image, blocked into discrete records. 
Each record contains record length, record type, memory 
address, and checksum information in addition to data. A 
frame by frame description is as follows: 

Frame O Record mark. Signals the start of a 
record. The ASCII character colon (':’' 
HEX 3A) is used as the record mark. 
Record length. Two ASCII characters 
representing a hexadecimal number in 
the range O to 'FF' (0 to 255). Thls is 
the count of the actual data bytes In 
the record type or checksum. A record 
length of O Indicates end of file. 

Load Address. Four ASCII characters 
that represent the initlal memory will 
be loaded. The first data byte is stored 
in the location pointed to by the load 
address, succeeding data bytes are 
loaded into asgending addresses. 


Frames 1,2 
(0-9, A-F} 


Frames 3t0 6 


Frames 7,8 


Frames 9 to 9+2* 
(Record Length) -1 


Frames 9+2* 
{Alecord Length) to 
9+2* (Record 
Length) +1 


Record type. Two ASCII characters, 
Currently all records are type 0, this 
field is reserved for future expansion. 
Data. Each 8 bit memory word is repre- 
sented by two frames containing the 
ASCII characters (0 to 9, A to F) to 
represent a hexadecimal value O to ‘FF’ 
(0 to 255). 

Checksum. The checksum is the nega- 
tive of the sum of all 8 bit bytes in the 
record since the record mark ( ':' } 
evaluated modulus 256. That is, if you 
add together all the 8 bit bytes, ignor- 


ing all carries out of an B-bit sum, then 
add the checksum, the result is zero. 


Example: |f memory locations 1 through 3 contain 5IFBEC, 
the format of the hex file produced when these locations are 
punched is: 


:0300010053F8ECC5S 


Send bit pattern data to the following special address: 
Synertek — ROM 
P.O. Box 552 
3050 Coronado Drive 
Santa Clara, CA 95051 


TYPICAL CHARACTERISTICS 


ACCESS TIME VS. CAPACITIVE LOAD 


Vec "4.757 
Ta 25°C 
ITTLLOAD" 
CL» 100pF 


100 200 300 4m 500 600 700 
CL -pF 


SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


2° 0 40° 50 60° m 
Ta - AMBIENT TEMPERATURE - 0°C 


ACCESS TIME VS. SUPPLY VOLTAGE 


[) 
35 40 45 50 55 60 65 70 
vec - VOLTS 


SUPPLY CURAENT VS. SUPPLY VOLTAGE 


ern 


TYPICAL 


Fan 


mt gt Tarzsc 


#0 45 50 55 60 65 
Ve - VOLTS 


PACKAGING DIAGRAM 


CERAMIC PACKAGE 


PLASTIC PACKAGE 
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MC6800 


(1.0 MHz) 


(1.5 MHz) 


MC68B00 


(2.0 MHz) 


8-BIT MICROPROCESSING UNIT (MPU) 


The MC6800 is a monolithic 8-bit microprocessor forming the 
central control function for Motorola’s M6800 family. Compatible 
with TTL, the MC6800, as with all M6800 systern parts, requires 
only one +5.0-volt power supply, and no external TTL devices for 
bus interface. 

The MC6800 is capable of addressıng 65K bytes of memory with 
its 16-bit address lines. The B-bit data bus is bidirectional as well as 
3-state, making direct memory addressing and multiprocessing 
applications realizable. 


MOS 


(N-CHANNEL. SILICON-GATE, 
DEPLETION LOAD) 


MICROPROCESSOR 


Eight-Bit Parallel Processing 

Bidirectional Data Bus 

Sixteen-Bit Address Bus — 65K Bytes of Addressing 

72 instructions — Variable Length 

Seven Addressing Modes - Direct, Relative, Immediate, 
Indexed, Extended, Implied and Accumulator 

Variable Length Stack 

Vectored Restart 

Maskable Inter-upt Vector 


LSUFFIX 
CERAMIC PACKAGE 
CASE 715 


Separate Non-Maskabie Interrupt — Internal Registers Saved 
in Stack 

Sıx Internal Registers -- Two Accumulators, Index 
Register, Program Counter, Stack Pointer and 
Condition Code Register 

Direct Memory Addressing (DMA) and Multiple 
Processor Capability 

Simplified Clocking Characteristics 

Cloek Rates as High as 2.0 MHz 

Simple Bus Interface Without TTL 

Halt and Single Instruction Execution Capability 


P SUFFIX 
PLASTIC PACKAGE 
cASE ?I1 


PIN ASSIGNMENT 


\ ORDERING INFORMATION 


1.0 MHz 
MIL-STD-8838 Mc6so0Bacs -55 to +125°C 
MIL-STO-883C Mc8so0cacs 


MC68AOOP,L O to +70°C 
MC68AOOCP, CL -40 to +85°C 


Messen. 
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TABLE 1 — MAXIMUM RATINGS 


a 
ts against damage due t0 high static voltages 

Input Voltage en -0.310 +70 'nau 
or electric Hields; however, it is advised that 
Operating Temperature Range-T| to Tu normal precautions be taken to avoid appli- 
MC6800, MC6BAO0, MC68B00 010 +70 cation of any voltage higher than maximum 


This device contains circuitry to protect ıhe 


MC6800C. MC6BAOOC -40 10 +85 ; 
ed ı his high 5 
MC6800BACS. MC6B00CaCS -55 10 +125 rat voltages 10 this high impedance circuit 


Storage Temperature Range -55 t0 +150 


Thermal Resistance 


Plastic Package 
Ceramic Package 


TABLE 2 — ELECTRICAL CHARACTERISTICS tvcc = 50V. 5%. Vss = 0, Ta = TL to Ty unless otherwise noted} 


Input Hıqh Voltage 
Input Low Voltage 


Input Leakage Current 
Win "010525 V,Vec = maxl 
Vin =010525V.Vcc 00V 
Three-State (Off State) Input Current 
{Vin =0.4102.4V,Vcc = man) 
Output Hıgh Voltage 
(Load = -205 vAde, Vec = mın) 
{Load = - 145 vAde, Voc = mın) 
ULoad * -100 wAde, u aın) 


Power Dissıpation 
Capacıtance 
(Vin = 0, Ta = 25°C, 1 = 1.0 MHz) 9 
o2 
00-07 
Locıc Inputs 
AO-A15,R/W,VMA 


[ symbeı | 
Frequency of Operation MC6800 
MC68AOO 
MC68B00 
Cycle Time (Figure 1) MC6800 toye 
MC68A0O 
MC68B00 


Clock Pulse Wıdth 01.02 - MC6800 


(Messuredat Vec -06V} 01,02 — MC68AOO 
01.02 — MC68800 


Total @1 and 02 Up Tıme 


Rıse and Fall Tımes tar. tot 
(Measured beiween Vs + 0.4 and Vec - 0.6) 


Detay Time or Clock Separation {Figure 1) 
(Measured at Vov = Vss +06 V @t, = tr S 100.5} 
(Measured at Voy "Vss +10 V@t =14% 3505} 
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TABLE 4 - READ/WRITE TIMING (Reference Figures 2 through 6} 


Address Delay 
270 180 
C = 30 pF 250 165 


Peripherai Aead Access Tıme 
tac "tur - tan + tosa) 
Data Setup Tıme (Read) 
Input Date Hold Time 
Output Data Hold Tıme 


Processor Controls 

Processor Control Setup Tıme 

Processor Control Aise and tPCr. pci 
Fall Time 

Bus Available Delay 1BA 

Three-State Delay tTSD 

Data Bus Enable Down Tıme tDBE 
During 9} Up Tıme 

Data Bus Enable Rıse and tDBEr. tDBEf 
Falt Times 


Reference Tabies 2 and 3 


RW 


Addrem Lu7 
From MPU 0.4 v 


Date 20V 


Pronaimarı ESSSIEIIZERN. 


or Peripherals 


NUN) Data Not Valid 
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FIGURE 3 —- WRITE IN MEMORY OA PERIPHERALS 


„— Sterı of Cycle 


Address 
From MPU 


Osta 
From MPU Date Velld N 


NIIIIN Date Not Valld 


FIGURE 4 - TYPICAL DATA BUS OUTPUT DELAY FIGURE 5 - TYPICAL READ/WRITE, VMA, AND ADDRESS 
versus CAPACITIVE LOADING (Tppw) OUTPUT DELAY versus CAPACITIVE LOADING (Tan) 


Ion = 51a min @ 24V 11444 


IgL = 1.6mAme@04V 


Ion : -208 „A max @ 2.4 V 
IgL = 1bmAme@04V 


DELAY TIME Ing) 
DELAY TIME Ind) 


0 100 200 300 00 
CL.LOAD CAPACITANCE tpF}) CL. LOAD CAPACITANCE (pf) 
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FIGURE 6 - BUS TIMING TEST LOADS 


Vcc 


AL=2.2k 
TEST CONDITIONS 
Fer Borat MMD6150 The dynamic test load for ıhe Data Bus is 
or Equiv 130 PF and one standard TTL load as shown. 
Tne Address, A/W, and VMA outputs are tested 
under two conditions to allow optimum opera 
- tion in both buffered and unbuffered systems. 
or Eauiv The resistor {A) is chosen to insure specified 
load cu rrents during Vo messurement., 
Notice that the Dats Bus lines, the Address 
C = 130 pF for D0-D7, € lines, the Interrupt Request line, and the DBE 
Iıne are all wpecified and tested 10 guarantee 
“90 Pf for AD-A15. A/W, and VMA 0.4 V of dynamic noite ımmunity at both 
{Except tAn2) "1" and "0° logic levels. 
30 pF tor AO-A 15. A/W. and VMA 
tao2 onıy) 
= 30 pF for BA 


= 11.7402 for DO-D7? 
= 16 5kN for AO -A15. R/W, and VMA 
= 24KN tor 8A 


MMD 7000 


FIGURE 7 - EXPANDED BLOCK DIAGRAM 


Als A1A AI3 A12 All AIO A9 AB aT a6 AS Aa AI A2 AI AO 
ss Mm 23 2 202 ı9 18 ı7 18 85 9a 3 2 1 0 9 


Output 
Bufters 


Output 
Buffers 


Clock, #1 3 
Cliock.62 37 


Rastarı 40 Program 


Non-Msskable Interr upt 6 Counter 


Go/Halt 2 


Instruction 

Decade 
and 

Control 


Stack 


Interrupt Aequest 4 
Pointer 


Three-State Control 39 


Data Bus Ensble 36 
Bus Avsilable 7 
Valid Memory Address 5 


Resd/write 34 


Instruction 
Asginter 


Accumulstor 


Condition 


Vcc"Pin® :»0 2 3» oo 31 2 3 


Vss = Pine 1,21 0? 06 05 04 03 o2 Dı © 
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MPU SIGNAL DESCRIPTION 


Proper operation of the MPU requires that certain 
control and timing signals be provided to accomplish 
specific functions and that other signal lines be monitored 
to determine the state of the processor. 

Clocks Phase One and Phase Two (#1,62) — Two pins 
are used for a two-phase non-overlapping clock that runs 
at the Vcc voltage level. 

Figure 1 shows the microprocessor clocks, and Table 3 
shows the static and dynamic clock specifications. The 
high level is specified at VıHc and the low level is specified 
at VıLc. The allowable clock frequency is specified by 
f (frequency). The minimum #1 and $2 high level pulse 
widths are specified by PWOH (pulse width high time). 
To guarantee the required access time for the peripherals, 
the clock up time, tue, is specified. Clock separation, tq, is 
measured at a maximum voltage of VOv (overlap vol- 
tage). This allows for a multitude of clock variations 
at the system frequency rate. 

Address Bus (AO-A15) — Sixteen pins are used for the 
address bus. The outputs are three-state bus drivers capable 
of driving one standard TTL load and 90 pF. When the 
output is turned off, it is essentially an open circuit. This 
permits the MPU to be used in DMA applications. Putting 
TSC in its high state forces the Address bus to go into the 
three-state mode. 

Data Bus (DO-D7) — Eight pins are used for the data 
bus. It is bidirectional, transfterring data to and from the 
memory and peripheral devices. It also has three-state 
output buffers capable of driving one standard TTL load 
and 130 pF. Data Bus is placed in the three-state mode 
when DBE is low. 

Data Bus Enable (DBE} - This input is the three-state 
control signal for the MPU data bus and will enable the 
bus drivers when in the high state. This input is TTL 
compatible; however in normal operation, it would be 
driven by the phase two clock. During an MPU read cycle, 
the data bus drivers will be disabled ınternally. When it ıs 
desired that another device control the data bus such as in 
Direct Memory Access (DMA) applications, DBE should 
be held low. 

If additional data setup or hold time is required on an 
MPU write, the DBE down time can be decreased as 
shown in Figure 3 (DBE # #2). The mınımum down 
time for DBE is tDBE as shown and must occur withın 
#1 up tıme. The minimum delay from the trailing edge 
of DBE to the trailing edge of 1 ıs tDBED: By skewing 
DBE with respect to E in thıs manner, data setup or 
hold time can be increased. 

Bus Avsileble (BA) — The Bus Available signal will 
normally be in the low state; when actıvated, it will go 
to the high state indicating that the microprocessor has 
stopped and that the address bus is available. This will 
occur if the Halt line ıs ın the low state or the processor 
is in the WAIT state as a result of the execution of a 
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WAIT instruction. At such time, all three-state output 
drivers will go to their off state and other outputs to 
their normally inactive level. The processor is removed 
from the WAIT state by the occurrence of a maskable 
{mask bit I = 0) or nonmaskable interrupt. This output is 
capable of driving one standard TTL load and 30 pF. If 
TSC is in the high state, Bus Available will be low. 

Read/Write (RAW) — This TTL compatible output 
signals the peripherals and memory devices whether the 
MPU is in a Read {high} or Write (low) state. The normal 
standby state of this signal is Read (high). Three-State 
Control going high will turn Read/Write to the off (high 
impedance) state. Also, when the processor is halted, it 
will be in the off state. This output is capable of driving 
one standard TTL load and 90 pfF. 

Reset — The Reset input is used to reset and start the 
MPU from a power down condition resulting from a 
power failure or initial start-up of the processor. This 
input can also be used to reinitialize the machine at any 
time after start-up. 

If a high level is detected in this input, this will signal 
the MPU to begin the reset sequence. During the reset 
sequence, the contents of the last two locations (FFFE, 
FFFF) in memory will be loaded into the Program 
Counter to point to the beginning of the reset routine. 
During the reset routine, the interrupt mask bit is sei and 
must be cleared under program control before the MPU 
can be interrupted by IRQ. While Reset is low (assuming 
a minimum of 8 clock cycles have occurred) the MPU 
output signals will be in the following states: VMA = low, 
BA = low, Data Bus = high impedance, RW = high (read 
state), and the Address Bus will contain the reset address 
FFFE. Figure 8 illustrates a power up sequence using the 
Reset control line. After the power supply reaches 4.75 V 
a minimum of eight clock cycles are required for the 
processor to stabilize in preparation for restarting. During 
these eight cycles, VMA will be in an indeterminate state 
so any devices that are enabled by VMA which could 
accept a false write during this time (such as a battery- 
backed RAM) must be disabled until VMA is forced low 
after eight cycles. Reset can go high asynchronousliy wıth 
the system clock any time after the eighth cycle. 

Reset timing is shown in Figure 8 and Table 4. The 
maximum rise and fall transition times are specıhed by 
tpcr and tpcf. If Reset is high at tpcg (processor control 
setup time) as shown in Figure 8 in any given cycle, then 
the restart sequence will begin on the next cycle as shown 
The Reset control line may also be used to renitialıze the 
MPU system at any time during its operation. This ıs 
accomplished by pulsing Reset low for the duratıon of 
a minimum of three complete #2 cycles. The Reset pulse 
can be completely asynchronous with the MPU system 
clock and will be recognized during $2 if setup time 
tPCS is met. 
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Interrupt Request (IRQ) — This level sensitive input 
requests that an interrupt sequence be generated within 
the machine. The processor will wait until it completes 
the current instruction that is being executed before it 
recognizes the request. At that time, if the interrupt mask 
bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The Index Register, 
Program Counter, Accumulators, and Condition Code 
Register are stored away on the stack. Next the MPU will 
respond to the interrupt request by setting the interrupt 
mask bit high so that no further interrupts may occur. 
At the end of the cycle, a 16-bit address will be loaded 
that points to a vectoring address which is located in 
memory locations FFF8 and FFF9. An address loaded.at 
these locations causes the MPU to branch to an interrupt 
routine in memory. Interrupt timing is shown in Figure 9. 

The Halt line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while 
Halt is low. 

The IRQ has a high impedance pullup device internal 
to the chip; however a 3 kf} external resistor to VCC 
should be used for wire-OR and optimum control of 
interrupts. 

Non-Maskable Interrupt (NMI) and Wait for Interrupt 
(WAI} — The MC6800 is capable of handling two types of 
interrupts: maskable (IRQ) as described earlier, and 
non-maskable (NMI). IRQ is maskable by the interrupt 
mask in the condition code register while NMI is not 
maskable. The handling of these interrupts by the MPU is 
the same except that each has its own vector address. The 
behavior of the MPU when interrupted is shown in Figure 
9 which details the MPU response to an interrupt while 
the MPU is executing the control program. The inter- 
rupt shown could be either IRQ or NMI and can be 
asynchronous with respect to #2. The interrupt is shown 
going low at time tpcs in cycle #1 which precedes the 
first cycle of an instruction (OP code fetch). This instruc- 
tion is not executed but instead the Program Counter {PC), 
Index Register (IX), Accumulators (ACCX}, and the 
Condition Code Register (CCR) are pushed onto the stack. 

The Interrupt Mask bit is set to prevent further 
interrupts. The address of the interrupt service routine is 
then fetched from FFFC, FFFD for an NMI interrupt and 
trom FFFB, FFF9 for an IRQ interrupt. Upon completion 
of the interrupt service routine, the execution of ATI 
will pull the PC, IX, ACCX, and CCR off of the stack; the 
Interrupt Mask bit is restored to its condition prior to 
Interrupts. 

Figure 11 is a similar interrupt sequence, except in 
this case, a WAIT instruction has been executed in 
preparation for the interrupt. This technique speeds up 
the MPU‘ response to the interrupt because the stacking 
of the PC, IX, ACCX, and the CCR is already done. 
While the MPU is waiting for the interrupt, Bus Available 
will go high indicating the following states of the control 
lines: VMA is low, and the Address Bus, RW and Data 
Bus are all in the high impedance state. After the interrupt 
occurs, it is serviced as previousiy described. 
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TABLE 5 - MEMORY MAP FOR INTERRUPT VECTORS 


Non-maskable Interrupt 


| FFreo| Software Interrupt 
| FFFO | Interrupt Request ® 


Aeter to Figure 11 for program flow for Interrupts. 


Three State Control (TSC) — When the Three-State 
Control (TSC) line is alogic "1", the Address Bus and the 
AM line are placed in a high impedance state. VMA and 
BA are forced low when TSC = 1" to prevent false reads 
or writes on any device enabled by VMA. It Is necessary 
to delay program execution while TSC is held high. This 
is done by insuring that no transitions of #1 (or #2) 
occur during this period. (Logic levels of the clocks are 
irrelevant so long as they do not change.) Since the MPU 
is a dynamic device, the $1 clock can be stopped for a 
maximum time PWoH without destroying data within the 
MPU. TSC then can be used in a short Direct Memory 
Access (DMA) application. 

Figure 12 shows the effect of TSC on the MPU. TSC 
must have its transitions at tTSE (three-state enable) 
while holding $1 high and #2 low as shown. The Address 
Bus and R/W line will reach the high impedance state at 
ttsp (three-state delay), with VMA being forced low. In 
this example, the Data Bus is also in the high impedance 
state while $2 is being held low since DBE = $2. At this 
point in time, a DMA transfer could occur on cycles 
#3 and #4. When TSC is returned low, the MPU Address 
and R/W lines return 10 the bus. Because it is too late in 
cycle #5 to access memory, this cycle is dead and used for 
synchronization. Program execution resumes in cycle #6. 

Valid Memory Address {VMA) — This output indicates 
to peripheral devices that there is a valid address on the 
address bus. In normal operation, this signal should be 
utilized for enabling peripheral interfaces such as the PIA 
and ACIA. This signal is not three-state. One standard 
TTL load and 90 pF may be directly driven by this 
active high signal. 

Halt — When this input is in the low state, all activity 
in the machine will be halted. This input is level sensitive. 

The Halt line provides an input to the MPU to allow 
control of program execution by an outside source. If 
Ralt is high, the MPU will execute the instructions; if 
it is low, the MPU will go to a halted or idle mode. 
A response signal, Bus Available (BA) provides an 
indication of the current MPU status. When BA is low, the 
MPU is in the process of executing the control program; 
if BA is high, the MPU has halted and all internal activity 
has stopped. 

When BA is high, the Address Bus, Data Bus, and 
RW line will be in a high impedance state, effectively 
removing the MPU from the system bus. VMA is forced 
low so that the floating system bus will not activate any 
device on the bus that is enabled by VMA. 
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FIGURE 10 — MPU FLOW CHART 
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While the MPU is halted, all program activity is stopped, “ P 3 R 
and if either an NMI or IRQ interrupt occurs, it will be e PH: & 
latched into the MPU and acted on as soon as the MPU is ese J 
taken out of the halted mode. If a Reset command " os 
occurs while the MPU is halted, the following states occur: c F 5 
VMA = low, BA = low, Data Bus = high impedance, RW = 23 
high (read state), and the Address Bus will contain address m w 
FFFE as long as Reset is low. As soon as the Halt line goes z ® 
high, the MPU will go to locations FFFE and FFFF for 8 ’ 
the address of the reset routine. es & 3 
Figurel13 shows the timing relationships involved when | 
halting the MPU. The instruction illustrated is a one byte, 
2 cycle instruction such as CLRA. When Halt g0es low, 2 
the MPU will halt after completing execution of the + 8 
current instruction. The transition of Halt must occur s 
tpcsS before the trailing edge of $1 of the last cycle of 
an instruction (point A of Figure 13). Halt must not 90 € 
low any time later than the minimum tpcs specified. 
The fetch of the OP code by the MPU is the first cycle - Zn. 
of the instruction. If Halt had not been low at Point A F o 
but went low during $2 of that cycle, the MPU would F * 
have halted after completion of the following instruction. ö —— fr} ) 
BA will go high by time tgA (bus available delay time) 5 £ 5 
after the last instruction cycle. At this point in time, VMA 2 g “ 2 
is low and R/W, Address Bus, and the Data Bus are in oo — fr 
the high impedance state. = € hr 
To debug programs it is advantageous to step through < 8 {7} q 
programs instruction by instruction. To do this, Halt must E gi 5 
be brought high for one MPU cycle and then returned < e < 
low as shown_at point B of Figure 13. Again, the w & \ j ‘ 
transitions of Halt must occur tpcs before the trailing 2 ı = 
edge of #1. BA will go low at tgA after the leading edge Id ? w 
of the next #1, indicating that the Address Bus, Data Bus. R & ® 
VMA and R/W lines are back on the bus. A single byte, 
2 cycle instruction such as LSR is used for this example nn a | =" 
also. During the first cycle, the instruction Y is fetched [4 & s 
from address M + 1. BA returns high at tga on the last 
cycle of the instruction indicating the MPU is off the bus. Fe = | v 
If instruction Y had been three cycles, the width of the ı x [) 
BA low time would have been increased by one cycle. ” ® 
ra € r 
4 o 
8 “ H v 
8 I 
lit 
sh 2 35 53 « 
5. © 5 5% [2 = 3 
Ja STE S 
2 [=] 
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Note: Midrange waveform indicates 
high impedance siste. 
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FIGURE 12 — THREE STATE CONTROL TIMING 
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FIGURE 13 - HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG 


Last Cycle 
of Current P j 
\ f Instruction | Instruction 
natruction 
Fetch Enescute 
9 
v2 
Halt 
BA 
VMA 
RAN 
Address 
Bus 
Bus 
Inst Inst 
x Y 


Note Midrange weveform indicates 
high impedance state. 


325 


MC6800 


MPU REGISTERS 


The MPU has three 16-bit registers and three B-bit 
registers available for use by the programmer (Figure 14). 

Program Counter — The program counter is a two byte’ 
{16 bits) register that points to the current program address. 

Steck Pointer — The stack pointer is a two byte register 
that contains the address of the next available location in 
an external push-down/pop-up stack. This stack is normally 
a random access Read/Write memory that may have any 
location (address) that is convenient. In those applica- 
tions that require storage of information in the stack 
when power is lost, the stack must be nonvolatile. 

Index Register — The index register is a two byte 
register that is used to store data or a sixteen bit memory 
address for the Indexed mode of memory addressing. 

Accumulators — The MPU contains two 8-bit accumula- 
tors that are used to hold operands and results from an 
arithmetic logic unit (ALU). 

Condition Code Register — The condition code register 
indicates the results of an Arithmetic Logic Unit opera 
tion: Negative (N), Zero (Z), Overflow (V), Carry from 
bit 7 (C), and half carry from bit 3 (H). These bits of the 
Condition Code Register are used as testable conditions 
for the conditional branch instructions. Bit 4 is the 
interrupt mask bit (l}. The unused bits of the Condition 
Code Register (b6 and b7) are ones. 


FIGURE 14 - PROGRAMMING MODEL OF 
THE MICROPROCESSING UNIT 
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MPU INSTRUCTION SET 


The MC6B00 instructions are described in detail in the 
M6800 Programming Manual. This Section will provide 
a brief introduction and discuss their use in developing 
MC6800 control programs. The MC6800 has a set of 72 
different executable source instructions. Included are 
binary and decimal arithmetic, logical, shift, rotate, load, 
store, conditional or unconditional branch, interrupt and 
stack manipulation instructions, 

Each of the 72 executable instructions of the source 
language assernbles into 1 to 3 bytes of machine code. 
The number of bytes depends on the particular instruc- 
tion and on the addressing mode. (The addressing modes 
which are available for use with the varıous executive 
instructions are discussed later.) 

The coding of the first (or only) byte corresponding to 
an executable instruction is sufficient to identify the 
instruction and the addressing mode. The hexadecimal 
equivalents of the binary codes, which result from the 
translation of the 72 instructions in all valid modes 
ot addressing, are shown in Table 6. There are 197 
valid machine codes, 59 of the 256 possible codes 
being unassigned. 
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When an instruction translates into two or three bytes 
of code, the second byte, or the second and third bytes 
contain(s) an operand, an address, or information from 
which an address is obtained during execution. 

Microprocessor instructions are often divided into 
three general classifications: {1} medmory reference, so 
called because they operate on specific memory loca- 
tions; (2) operating instructions that function without 
needing a memory reference: (3) 1/O instructions for 
transferring data between the microprocessor and 
peripheral devices. 

In many instances, the MC6800 performs the same 
operation on both its internal accumulators and the 
external memory locations. In additon, the MC6800 
interfaces adapters {PIA and ACIA) allow the MPU 
to treat peripheral devices exactiy like other memory 
locations, hence, no I/O instructions as such are required. 
Because of these features, other classifications are more 
suitable for introducing the MC6800’s instruction 
set: (1) Accumulator and memory operations; (2) 
Program control operations; {3) Condition Code 
Register operations. 
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TABLE 6 —- HEXADECIMAL VALUES OF MACHINE CODES 
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8 
8 
B 
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B 
B 
B 
B 
B 


PP>P>>>>> >>> 
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P>>>>>>> >>> 
oo=osmwun oow 


Accumulator A IMM = Immediate 
Accumulator B DIR = Direct 
Relative 

Indexed 


Notes: 1. Addressing Modes: A 
B 
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INO 
2. Unassigned code indicated by " 
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TABLE 7 —- ACCUMULATOR AND MEMORY OPERATIONS 
The sccumulstor and memory operations and their effect on the CCA are shown in Table 7. 
included are Arithmetic Logic, Data Test and Data Handling instructions. 
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TABLE 7 — CONTINUED 


COMDITIOM CODE AEGIFTEM MOTES: (Bit at ıl tesi m true and ciasıud otherumm) 


1 Bir vi 
2 Anc) 
3 duo 
4 (u v) 
5 (Be vVi 
6 tervi 


Test: Assutt « 10000000? 

Test: Amsult « 000000007 

Test: Decimal value ol mort signilcanı BED Chasactw greater than nıne? 
{Not dessed if previougy mi.) 

Test: Operand = 10000000 prior ta eneculion? 

Tan: Operand = ON I11HN1 prior to enerutıon? 

Test: Sat equal 10 result of N@C alter shılı has occurred 


PROGRAM CONTROL OPERATIONS 


Program Control operation can be subdivided into two 
categories: (1) Index Register/Stack Pointer instructions; 
(2) Jump and Branch operations. 


Index Register/Stack Pointer Operations 


The instructions for direct operation on the MPU’s 
Index Register and Stack Pointer are summarized in 
Table 8. Decrement (DEX, DES), increment (INX, INS), 
load (LDX, LDS), and store (STX, STS) instructions are 
provided for both. The Compare instruction, CPX, can be 
used to compare the Index Register to a 16-bit value and 
update the Condition Code Register accordingly. 

The TSX instruction causes the Index Register to 
be loaded with the address of the last data byte put onto 
the "stack’‘. The TXS instruction loads the Stack Pointer 
with a value equal to one less than the current contents 


of the Index Register. This causes the next byte to be 
pulled from the "'stack” to come from the location 
indicated by the Index Register. The utility of these two 
instructions can be clarified by describing the “stack’‘ 
concept relative to the M6800 system. 

The "stack’ can be thought of as a sequential list 
of data stored in the MPU’s read/write memory. The 
Stack Pointer contains a 16-bit memory address that is 
used to access the list from one end on a last-in-first-out 
{LIFO) basis in contrast to the random access mode used 
by the MPU’s other addressing modes. 

The M6800 instruction set and interrupt structure 
allow extensive use of the stack concept for efficient 
handling of data movement, subroutines and interrupts. 
The instructions can be used to establish one or more 
"stacks’' anywhere in read/write memory. Stack length is 
limited only by the amount of memory that is made 
available. 


TABLE 8 - INDEX REGISTER AND STACK POINTER INSTRUCTIONS 


ENTND IMPLIEO 


DIRECT 


COND. COBE REG. 


POINTER OPERATIONS MNEMONIC 


Compste Inden Reg 
Decrement Inden Ag 
Deceameni Stack Patı 
Incremanı Inden Aeg 
Ineremenı Stack Pur 
Load Index Reg 

Losd Stock Pau 

Store Inden Aeg 

Store Stack Prtr 

Indm Reg - Stack Pnir 
Stock Pnie = Indx Reg 


BOOLEAN/ARITHMETIC OPERATION 
KH-M.XU- (Mel 
ES | 
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let 
SP+1 "SP 
MXuIMeN XL 
M-SPy.iM oil + SPL 
XHMXL Men 
SPY =M.SPL iM) 
x.1>$P 
SP-1-X 


® {Bit N) Test: Sign bit of most significant IMS) byte of result = 1? 
8 (Bit V) Test: 28 complement overflow from aubtraction of ma bytes? 


(Bit N) Test: Alssult lesı (han zero? (Bit 15 = 1) 
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FIGURE 15 — STACK OPERATION, PUSH INSTAUCTION 
MPU 
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FIGURE 16 — STACK OPERATION, PULL INSTRUCTION 
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Operation of the Stack Pointer with the Push and Pull 
instructions is illustrated in Figures 15 and 18. The Push 
instruction (PSHA) causes the contents of the indicated 
accumulator (A in this example) to be stored ın memory 
at the location indicated by the Stack Pointer. The Stack 
Pointer is automatically decremented by one following 
the storage operatiön and is “"pointing” to the next empty 
stack location. The Pull instruction (PULA or PULB) 
causes the last byte stacked to be loaded into the appro- 
priate accumulator. The Stack Pointer is automatically 
incremented by one just prior to the data transfer so that 
it wıll point to the last byte stacked rather than the next 
empty location. Note that the PULL. instruction does not 
"remove‘' the data from memory: in the example, IA ıs 
still in locatian (m + 1) following execution of PULA. 
A subsequent PUSH instruction would overwrite that 
location with the new "pushed” data. 

Execution of the Branch to Subroutine (BSA) and 
Jump to Subroutine (JSR) instructions cause a return 
address to be saved on the stack as shown in Figures 18 
through 20. The stack is decremented after each byte ol 
the return address is pushed onto the stack. For both of 
these instructions, the return address ıs the memory 
locatınn following the bytes of code that correspond to 
the BSR and JSR instruction. The code required for 
BSR or JSR may be either two or three bytes, depending 
on whether the JSR is in the indexed {two bytes) or 
the extended (three bytes) addressing mode. Before it is 


stacked, the Program Counter is automatically incre- 
mented the correct number of times to be pointing at the 
location of the next instruction. The Return from Sub- 
routine instruction, RT$, causes the return address to be 
retrieved and loaded into the Program Counter as shown 
in Figure 21. 

There are several operations that cause the status of 
the MPU to be saved on the stack. The Software Inter- 
rupt (SWI) and Wait for Interrupt (WAI) instructions as 
well as the maskable (IRQ) and non-maskable (NMI} 
hardware interrupts all cause the MPU’s internal registers 
(except for the Stack Pointer itself) to be stacked as 
shown in Figure 23. MPU status is restored by the Return 
from Interrupt, RTI, as shown in Figure 22. 


Jump and Branch Operation 


The Jump and Branch instructions are summarized 
in Table 9. These instructions are used to control the 
transfer of operation from one potnt to another in the 
control program. 

The No Operation instruction, NOP, while included 
here, ıs a jump operation in a very limited sense. Its oniy 
effect is to increment the Program Counter by one. It ıs 
useful during program development as a ""stand-ın” for 
some other instruction that is to be determined during 
debug. It is also used for equalizing the execution tıme 
through alternate paths ın a control program. 


TABLE 9 - JUMP AND BRANCH INSTRUCTIONS 


COND CODE REG 


OPERATIONS 


Branch Alwayı 

Branch II Carey Clear 
Branch II Carey Ser 
Branch Il Zen 

Branch It * Zen 
Branch II ' Zero 
Branch If Higher 

Branch II ° Zero 

Branch H Lower 0: me 
Branch It « Zero 

Branch It Minus 

Branch 11 Not Eaual Zero 
Branch I Overtiow Clear 
Branch It Overtiow Sei 
Branch II Aus 

Branch To Subroutine 
Jump 

Jump To Subroutine 

No Operation 

Return From Intertupt 
Return From Subsoutine 
Soltware Interrupt 

Want for Interrupt® 


*WAI puts Addrem Bus, RW. and Data Bus ın Ihe thres state mode whıle VMA un heid low 


® (a) 


rl 


BRANCH TEST 


None 
c:0 
C») 
zZ) 
NOV:0 
Z+INOVI:0 
C+?7:0 
ZINOVi+) 


( See Special Operations 


....... ..e.......:.00 
..o oo 100,900 002000 0 ||» 
....... ....e.„...e.ee.|n io: 


| 
N 
\ 


Advances Prog Cntr Only 


See Specu! Opwratıons .. 


........ ....e. .........e|< 


2 


Load Condition Code Regıster from Stack (See Special Operations) 


® {Bır 1) Set whan ınterrupt occurs. If previousiy set. a Non Maskable Interrupt 


's requıred 10 enıt the want state 
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Execution of the Jump Instruction, JMP, and Branch 
Always, BRA, affects program flow as shown in Figure 17. 
When the MPU encounters the Jump (Indexed)} instruction, 
it adds the offset to the value in the Index Register and 
uses the result as the address of the next instruction to 
be executed. In the extended addressing mode, the 
address of the next instruction to be executed is fetched 
from the two locations immediately following the JMP 
instruction. The Branch Always (BRA) instruction is 
similar to the JMP (extended) instruction except that the 
relative addressing mode applies and the branch is limited 
to the range within -125 or +127 bytes of the branch 
instruction itself. The opcode for the BRA instruction 
requires one less byte than JMP (extended) but takes one 
more cycle to execute. 

The effect on program flow for the Jump to Subroutine 
(JSR) and Branch to Subroutine (BSR) is shown in 
Figures 18 through 20. Note that the Program Counter is 
properly incremented to be pointing at the correct return 
address before it is stacked. Operation of the Branch to 
Subroutine and Jump to $ubroutine (extended) instruc- 
tion is similar except for the range. The BSR instruction 
requires less opcode than JSR (2 bytes versus 3 bytes) 


and also executes one cycle faster than JSR. The Return 
from Subroutine, RTS, is used at the end of a subroutine 
to return to the main program as indicated in Figure 21. 

The effect of executing the Software Interrupt, SWI, 
and the Wait for Interrupt, WAI, and their relationship 
to the hardware interrupts is shown in Figure 22. SWI 
causes the MPU contents to be stacked and then fetches 
the starting address of the interrupt routine from the 
memory locations that respond to the addresses FFFA 
and FFFB. Note that as in the case of the subroutine 
instructions, the Program Counter is incremented to 
point at the correct return address before being stacked. 
The Return from Interrupt instruction, RTI, (Figure 22) 
is used at the end of an interrupt routine to restore 
control to the main program. The SWI instruction is 
useful for inserting break points in the control program, 
that is, it can be used to stop operation and put the MPU 
registers in memory where they can be examined. The 
WAL instruction is used to decrease the time required to 
service a hardware interrupt; it stacks the MPU contents 
and then waits for the interrupt to occur, effectively 
removing the stacking time from a hardware interrupt 
sequence. 


FIGURE 17 - PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS 


Pc Main Program 


nrı [Kzoftsee | eyrao 


INDXD 


(a) Jump 


Main Program 


Ku = Next Address 


Main Program 


Kı = Next Address 


®K = Signed 7-bit value 
{b) Branch 


FIGURE 18 - PROGRAM FLOW FOR BSR 


*K = Signed 7-Bit Value 


(8) Before Execution 


332 


PC ein + 2) iK 
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FIGURE 19 — PROGRAM FLOW FOR JS8R (EXTENDED) 
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FIGURE 20 - PROGRAM FLOW FOR JSR {INDEXED) 
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FIGURE 21 — PROGRAM FLOW FOR ATS 


(a) Before Erecurion 


JSA=BO 


SL - Subr. Adar. 


Last Subr. Instr. 


LH 


ATS 


(b) After Execution 


FIGURE 22 - PROGRAM FLOW FOR ATI 
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FIGURE 23 - PROGRAM FLOW FOR INTERRUPTS 


Wa For Hardware Interrupi or 
Soltware Interrupt Intarrupt Non-Meshable Interrupt INMI) 
Maın Program Maın Program Main Program 


Continue Main Prog. 


Inden Aegıster (X) 
Index Register IX |) 


Stack MPU 
Register Contents 


Intercupt Memory Assıgamant! 


6678 (Konman.ham ] ws 

FFFS | Constant, Haware_| 15 

FFFA | Software |] MS First Jasır 

FFFB | Software | 15 Addr Formed Load Interrupt 
MS Oy Fetching Vector Into 

FFC | Non-Meskobie Int. | 2.Bytes From Program Counter 

FFFO | Non-Maskable Int | LS Par, Mem 

Fre [Ama | ms Asa 

FFFF | Reter  —  | us 


Interrupt Program 


NOTE: MS = Most Sıgnificant Address Byte, ı 
LS = Lasst Sıgnifıcant Address Byte. 
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FIGURE 24 —- CONDITIONAL BRANCH INSTRUCTIONS 


BMI : N*-1: BEO : z-1 

BL : N-o; BNE ze 

evc Vo; BcC ch 

evs Vi: BcS Cei 

en : CHZz-4; BLr : N@V-1 

sus: C+HZe1; BGE : N®OV*o; 
BLE : Z+(iNSVI=-1 ; 
BGT : ZIINOVI-6 ; 


The conditional branch instructions, Figure 24, 
consists of seven pairs of complementary instructions. 
They are used to test the results of the preceding opera- 
tion and either continue with the next instruction in 
sequence (test fails) or cause a branch to another point in 
the program (test succeeds). 

Four of the pairs are used for simple tests of status bits 
N, Z,V,andC: 

1. Branch on Minus (BMI} and Branch On Plus- (BPL) 
tests the sign bit, N, to determine if the previous result 
was negative or positive, respectively. 

2. Branch On Equal (BEQ) and Branch On Not Equal 
{BNE) are used to test the zero status bit, Z, to determine 
whether or not the result of the previous operation was 
equal to zero. These two instructions are useful following 
a Compare (CMP) instruction to test for equality between 
an accumulator and the operand. They are also used 
following the Bit Test (BIT) to determine whether or not 
the same bit. positions are set ın an accumulator and 
the operand. 

3. Branch On Overflow Clear (BVC) and Branch On 
Overtlow Set (BVS) tests the state of the V bit to deter- 
mine if the previous operation caused an arithmetic 
overflow. 

4. Branch On Carry Clear (BCC) and Branch On Carry 
Set (BCS) tests the state of the C bit to determine if the 
previous operation caused a carry to occur. BCC and BCS 
are useful for testing relative magnitude when the values 
being tested are regarded as unsigned binary numbers, that 


is, the values are in the range OO (lowest) to FF (highest). 
BCC following a comparison (CMP) will cause a branch if 
the (unsigned) value in the accumulator is higher than or 
the same as the value of the operand. Conversely, BCS will 
cause a branch if the accumulator value is lower than 
the operand, 

The fifth complementary pair, Branch On Higher 
{BHI) and Branch On Lower or Same (BLS) are in a 
sense complements to BCC and BCS. BHI tests for both 
C and Z = 0; if used following a CMP, it will cause a 
branch if the value in the accumulator is higher than the 
operand. Conversely, BLS will cause a branch if the 
unsigned binary value in the accumulator is lower than 
or the same as the operand. 

The remaining two pairs are useful in testing results 
of operations in which the values are regarded as signed 
two’s numbers. This differs from the 
unsigned binary case in the following sense: In unsigned, 
the orientation is higher or lower; in signed two’s comple- 
ment, the comparison is between larger or smaller where 
the range of values is between - 128 and + 127. 

Branch On Less Than Zero (BLT) and Branch On 
Greater Than Or Equal Zero (BGE) test the status bits for 
NOV=1andN@)V = 0, respectively. BLT will 
always cause a branch following an operation in which 
two negative numbers were added. In addition, it will 
cause a branch following a CMP in which the value in 
the accumulator was negative and the operand was posi- 
tive. BLT will never cause a branch following a CMP in 
which the accumulator value was positive and the operand 
negative. BGE, the complement to BLT, will cause a 
branch following operations in which two positive values 
were added or in which the result was zero. 

The last pair, Branch On Less Than Or Equal Zero 
(BLE) and Branch On Greater Than Zero (BGT) test the 
status bits for ZOIN + V) = 1and ZN + V)=0, 
respectively. The action of BLE is identical to that for 
BLT except that a branch will also occur if the result 
of the previous result was zero. Conversely, BGT is similar 
to BGE except that no branch will occur following 
a zero result. 


complement 


CONDITION CODE REGISTER OPERATIONS 


The Condition Code Register (CCR) is a 6-bit register 
within the MPU that is useful in controlling program flow 
during system operation. The bits are defined in Figure 25. 

The instructions shown in Table 10 are available to the 
user for direct manipulation of the CCR. In addition, the 
MPU automatically sets or clears the appropriate status 
bits as many of the other instructions on the condition 
code register was indicated as they were introduced. 
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A CLI-WAI instruction sequence operated properly 
with early M6800 processors only ifthe preceding instruc- 
tion was odd. (Least Significant Bit = 1.) Similarly it was 
advisable to precede any SEI instruction with an odd 
opcode-such as NOP. These precautions are not necessary 
for M6800 processors indicating manufacture in Novem- 
ber, 1977 or later. 

Systems which require an interrupt window to be 
opened under program control should use a CLI-NOP-SEI 
sequence rather than CLI-SEI. 
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FIGURE 25 - CONDITION CODE REGISTER BIT DEFINITION 


d5 b4 b3 b2 bi bo 


Half-carry; set whenever a carry from ba to b4 of the result is generated 
by ADD, ABA, ADC; cleared if no bz3 to bg carry; not affected by other 
instructions. 


Interrupt Mask; set by hardware or software interrupt or SEI instruction; 
cleared by CLI instruction. (Normally not used in arithmetic operations.) 
Restored to a zero as a result of an AT instruction if Im stored on the 
stacked is low. 


Negative; set if high order bit (b7) of result is set; cleared otherwise 
Zero; set if result = O; cleared otherwise. 


Overlow; set if there was arithmetic overflow as a result of the operation; 
cleared otherwise. 


Carry: set if there was a carry from the most significant bit (b7) of the 
result; cleared otherwise. 


TABLE 10 — CONDITION CODE REGISTER INSTRUCTIONS 


COND. CODE REG. 


OPERATIONS- 


Cleaws Carry 
Qea Iniercupt Mask 


Ges Overliow 
Sei Carıy 

Sat Interrupt Maik 
Set Overliow 
Acmltı A=CCR 
CCR — Acmlr A 


A «= Raser 
S = Ser 
® .» Not affected 


[0) ALL) Set according to the contents of Accumulator A 


ADDRESSING MODES 


These addressing modes refer to the manner in which 
the program causes the MPU to obtain its instructions and 
data. The programmer must have a method for addressing 
the MPU’s internal registers and all of the external 
memory locations. 


The MPU operates on 8-bit binary numbers presented 
to ıt via the Data Bus. A given number (byte) may 
represent either data or an instruction to be executed, 
depending on where it is encountered in the control 
program. The M6800 has 72 unique instructions, however, 


it recognizes and takes action on 197 of the 256 pos- 
sibilities that can occur using an 8-bit word length. This 
targer number of instructions results from the fact that 
many of the executive instructions have more than one 
addressıng mode. 
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Selection of the desired addressing mode is made by 
the user as the source statements are written. Translation 
into appropriate opcode then depends on the method 
used. If manual translation is used, the addressing mode 
is inherent in the opcode. For example, the Immediate, 
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Direct, Indexed, and Extended modes may all be used 
with the ADD instruction. The proper mode is determined 
by selecting (hexidecimal notation) BB, 9B, AB, or BB, 
respectively. 

The source statement format includes adequate 
information for the selection if an assernbler program is 
used to generate the opcode. For instance, the Immediate 
mode is selected by the Assembler whenever it encounters 
the "#’' symbol in the operand field. Similarly, an "X" 
in the operand field causes the Indexed mode to be 
selected. Only the Relative mode applies to the branch 


instructions, therefore, the mnemonic instruction itself 
is enough for the Assembler to determine addressing mode. 

For the instructions that use both Direct and Extended 
modes, the Assembler selects the Direct mode if the 
operand value is in the range O-255 and Extended other- 
wise. There are a number of instructions for which the 
Extended mode is valid but the Direct is not. For these 
instructions, the Assembler automatically selects the 
Extended mode even if the operand is in the 0-255 
range. The addressing modes are summarized in Figure 26. 


FIGURE 26 - ADDRESSING MODE SUMMARY 


D0 Instruction 


Direct: 


Example: SUBA Z 
Addr. Renge = 0-255 


Z = Oprnd Address 


IK = One-Byte Oprnd) 


or 
z+1 KL Operand 


Ü& 12 S 255, Ausmbler Select Direct Mode 
12.7255, Entended Mode is selected 


Extended: 


Enemple: CMPA Z 


Addr. Range: 
256-65535 

®. 
“ 
®. 

{K = One-Byte Oprnd) z 

or 
(K = Two-Byte Oprnd) z 
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Immediews: a 


Enempie: LDAA #K 
{K = One-Byte Opına) 


{K = Two-Byte Oprnd) n 
ICPX, LDX. and LOS) 


KL Operand 


Aslauive: n 
Example: BNE K EK = Brach Offset 


IK = Signed 7-Bit Velue) 


Addr. Range: 
-125 t0 +129 
Asistiva ıon. 


n+ 23 tK 


& It Brach Tat False, & It Brach Tat True. 


Indexed: 


3 


Exampie: ADDA Z, X 


Addr. Range: 
0-2658 Asiative to 
Inden Aegister, X 


> 
+ 
» 


(Z = B-Bit Unsigned 
Value) 


“+Z 
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Inherent (Includes "Accumulator Addressing’’ Mode) 


The successive fields in a statement are normally 
separated by one or more spaces. An exception to this 
rule occurs for instructions that use dual addressing 
ın the operand field and for instructions that must 
distinguish between the two accumulators. In these 
cases, A and B are “operands’‘ but the space between 
them and the operator may be omitted. This is commonly 
done, resulting in apparent four character mnemonics for 
those instructions. 

The addition ınstruction, ADD, provides an example 
ot dual addressing ın the operand field: 


Operstor Operand Comment 
ADDA MEMI2 ADDCONTENTSOFMEMI2TOACCA 
or ADDB MEMI2 ADDCONTENTSOFMEMI2TOACCB 


The example used earlier for the test ınstruction, TST, 
also applies to the accumulators and uses the "'accumulator 
addressing mode"' 10 desıgnate which of the two accumu- 
lators is being tested: 


Operator Commeaı 
TSTB TESTCONTENTSOF ACCB 
or TSTA TESTCONTENTSOF ACCA 


FIGURE 27 — INHERENT ADDRESSING 


MPU 


[in 


PROGRAM 
MEMORY 


GENLAAL FLOW 
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A number of the instructions either alone or together 
with an accumulator operand contain all of the address 
information that is required, that is, ''inherent’’ in the 
instruction itself. For instance, the instruction ABA 
causes the MPU to add the contents of accumulators A 
and B together and place the result in sccumulator A. 
The instruction INCB, another example of "accumulator 
addressing”, causes the contents of accumulator B to be 
increased by one. Similarly, INX, increment the Index 
Register, causes the contents of the Index Register to 
be increased by one. 

Program flow for instructions fo this type is illustrated 
in Figures 27 and 28. In these figures, the general case is 
shown on the left and a specific example is shown on the 
right. Numerical examples are in decimal notation. 
Instructions of this type require only one byte of 
opcode. Cycle-by-cycle operation of the inehrent mode is 
shown in Table 11. 


FIGURE 28 - ACCUMULATOR ADDRESSING 
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Op Code Address 
Op Code Address + 1 


Op Code Address 

Op Code Address + } 
Previous Register Contents 
New Register Contents 
Op Code Address 

Op Code Address + 1 
Stack Pointer 

Stack Pointer - 1 

Op Code Address 

Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 

Op Code Address 

Op Code Address + 1 
Stack Pointer 


New Index Register 
Op Code Address 
Op Code Address + I 
Inden Asgister 


New Stack Pointer 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 


Stack Pointer + 2 
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TABLE 11 -— INHERENT MODE CYCLE BY CYCLE OPERATION 


Op Code 
Op Code of Next Instruction 


Op Code 
Op Code ot Next Inntruction 
nt Dats (Note 1} 
nt Date (Note 1) 
Op Code 
Op Code of Next Instruction 
Accumulstor Date 
Accumulator Date 
Op Code 
Op Code of Next Instruction 
Irrelevant Osta (Note 1) 
Operand Data Irom Stack 
Op Code 
Op Code of Next Instruction 
nt Data (Note 1} 
ant Data (Note 1} 


Op Code of Next Inntruction 
Irrelevant Data 

Irrelevant Data 

Op Code 

irrelevant Data (Note 2) 
Irrelevant Date (Note 1) 


Address of Next Instruction (High 
Order Byte) 


Address of Next Instruction ILow 
Order Byte) 
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TABLE 11 — INHERENT MODE CYCLE 8Y CYCLE OPERATION (Continued) 


Op Code Address 
Op Code Address + 1 
Stack Pointer 

Sıack Pointer - 1 
Stack Pointer — 2 


Op Code 

Op Code of Next Instruction 
Aesturn Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Inden Alegister (High Order Byte) 
Contents of Accumulstor A 


Stack Pointer - 3 
Stack Pointer - 4 
Stack Pointer - 5 Contents ol Accumulator B 
Stack Pointer —- 6 {Note 3) Contents of Cond. Code Register 
Op Code Address Op Code 

Op Code Addrass + 1 Irrelovanı Date (Note 2) 

Stack Pointer Irrelevant Date (Note 1} 


Stack Pointer + 1 Contents of Cond. Code Register from 
Stack 


Stack Pointer + 2 Contents of Accumulator B from Stack 


-000000-._- 


200 -lvowaun aun. 


au 


Stack Pointer + 3 Contents of Accumulator A from Stack 


Stack Pointer + 4 Index Register from Stack (High Order 
Byte) 


Steck Pointer +5 Index Register from Stack (Low Order 
Byte) 


Stack Pointer +6 Next Instruction Address from Stack 
(High Order Byte) 


Stack Pointer + 7 Next Instruction Address from Stack 
{Low Order Byte) 


Op Code 

irrelevant Data (Note 1) 

Return Address {Low Order Byte) 
Aeturn Address (High Order Byte) 
Index Register {Low Order Byte} 
Index Aegıster (High Order Byte) 


Op Code Address 
Op Code Address + 1 
Stack Pointer 


Stack Pointer - 1 


Stack Pointer - 2 
Stack Pointer — 3 
Stack Pointer — 4 Contents of Accumulator A 
Contents of Accumulstor 8 
Contents of Cond. Code Register 
Irrelevant Data (Note 1) 


Address of Subroutine (High Order 
Byte) 


Vector Address FFFB {Hex} Address ol Subroutine (Low Order 
Byte) 


Stack Pointer - 5 


vos oun Bun. 


Stack Pointer - 6 
Stack Pointer - 7 
Vector Address FFFA (Hex) 


-o©o 
-+-0000000-- 


on 


Note 1. If device which is addressed during this cycle uses VMA, then the Date Bus will go to the high impedance thres-state condition. 
Depending on bus capacitance, data from the previous cycle may be tetsined on the Data Bus. 

Note 2. Data is ignored by the MPU. 

Note 3. While the MPU is waiting for the interrupt, Bus Availabla wilt go high indicating the following states of ıhe control lines: VMA is 
low; Address Bus, R/W, and Data Bus are all in the high impedance state. 
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Immediste Addressing Mode — In the Immediate 
addressing mode, the operand is the value that ıs to be 
operated on. For instance, the instruction 


Operator Operand Comment 
LDAA 225 LOAD 25 INTO ACCA 


causes the MPU to "immediately load accumulator A 
with the value 25° ;no further address reference is required. 
The Immediate mode is selected by preceding the operand 
value with the "'#"' symbol. Program flow for this address: 
ing mode is illustrated in Figure 29. 

The operand format allows either properly defined 
symbols or numerical values. Except for the instructions 
CPX, LDX, and LDS, the operand may be any value in the 
range 0 to 255. Since Compare Index Register (CPX), 
Load Index Register (LDX), and Load Stack Pointer 
{LDS), require 16-bit values, the ımmediate mode for 


FIGURE 29 - IMMEDIATE ADDAESSING MODE 


PROGRAM 
MEMORY 


GENERAL FLOW EXAMPLE 


these three instructions require two-byte operands. In 
the iImmediate addressing mode, the "address of the 
operand is effectively the memory location immediately 
following the instruction itself. Table 12 shows the cycle- 
by-cycle operation for the immediate addressing mode. 


Direct and Extended Addressing Modes - In the Direct 
and Extended modes of addressing, the operand field of 
the source statement ıs the address of the value that is to 
be operated on. The Direct and Extended modes differ 
only in the range of memory locations to which they can 
direct the MPU. Direct addressing generates a single 8-bit 
operand and, hence, can address only memory locatıons 
O through 255; a two byte operand is generated for 
Extended addressing, enabling the MPU to reach the 
remaining memory locations, 256 through 65535. An 
example of Direct addressing and its effect on program 
flow is illustrated in Figure 30. 


FIGURE 30 - DIRECT ADDRESSING MODE 
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TABLE 12 - IMMEDIATE MODE CYCLE BY CYCLE OPERATION 


Address Mode 
and Instructions 


Op Code Address 
Op Code Address + 1 


Op Code Address 
Op Code Address + I 
Op Code Address + 2 


Addrem Bus BJ 


Op Code 


Opsrand Data 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
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The MPU, after encountering the opcode for the 
instruction LDAA (Direct) at memory location 5004 
(Program Counter = 5004), looks in the next location, 
5005, for the address of the operand. It then sets the 
Program counter equal to the value found there (100 in 
the example) and ftetches the operand, in this case a value 
to be loaded into accumulator A, from that location. For 
instructions requiring a two-byte operand such as LDX 
(load the Index Register), the operand bytes would be 
retrieved from locations 100 and 101. Table 13 shows the 
cycle-by-cycle operation for the direct mode of addressing. 

Extended addressing, Figure 31, is similar except that 
a two-byte address is obtained from locations 5007 and 


5008 after the LDAB (Extended) opcode shows up in 
location 5006. Extended addressing can be thought of 
as the ‘standard’ addressing mode, that is, it is a method 
of reaching anyplace in memory. Direct addressing, since 
only one address byte is required, provides a faster 
method of processing data and generates fewer bytes of 
control code. In most applications, the direct addressing 
range, memory locations 0-255, are reserved for RAM. 
They are used for data buffering and temporary storage 
of system variables, the area in which faster addressing is 
of most value. Cycle-by-cycle operation is shown in 
Table 14 for Extended Addressing. 


TABLE 13 - DIRECT MODE CYCLE BY CYCLE OPERATION 


Op Code Address 


Op Code 


Op Code Address + 1 
Address of Operend 


Op Code Address 
Op Code Address + 1 
Address ol Operand 


Operand Address + 1 
Op Code Address 
Op Code Address + 1 
Destination Address 
Destination Address 
Op Code Address 
Op Code Address + 1 
Addrem of Operand 
Address of Operand 


Address ot Operend 
Opserand Data 


Op Code 

Address ot! Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Bytel 
Op Code 

Destinstion Address 

Irreievanı Date (Note 1) 

Data from Accumulstor 

Op Code 

Address of Operand 

Irrelevant Data (Note 1) 
Register Data (High Order Byte) 


Address of Operand + I Asgister Date (Low Order Byte) 


Note 1. If device which ıs addresa during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition 
Depending on bus capacitance, data from the previous cycle may be retaıned on ıhe Date Bus 


FIGURE 31 - EXTENDED ADDRESSING MODE 
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Addrem Mode 
and Instructions 


TABLE 14 -— EXTENDED MODE CYCLE BY CYCLE 


Op Code Address 

Op Code Addreus + I 
Op Code Address + 2 
Address ol Operand 
Address ol Operand 
Address of Operand + 1 


Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Posnter - 1 
Stack Pointer - 2 

Op Code Address + 2 
Op Code Address + 2 
Op Code Address 

Op Code Addrass + 1 
Op Code Address + 2 
Op Code Address 

Op Code Address + t 
Op Code Addrass + 2 
Address of Operand 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + I 
Op Code Address 

Op Code Addrass + 1 
Op Code Address + 2 
Operand Destination Address 
Operand Destinstion Address 
Op Code Address 

Op Code Addrass + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand 


Op Code 

Address 01 Operand [High Order Byw) 
Address of Operand (Low Order Byte) 
Irrelevant Data (Note 1} 

Operand Dats (High Order Byte) 
Opsrand Data (Low Order Byte) 

Op Code 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Op Code ot Next Instruction 

Return Address {Low Order Byte) 
Aeturn Address (High Order Byte) 
Irrelevant Data (Note 1] 

Irrelevanı Data (Note 1) 

Address of Subroutine (Low Order Byte) 
Op Code 

Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 

Op Code 

Address of Operand (Hıgh Order Byte) 
Address of Operand (Low Order Bytel 
Operend Data (High Order Byte) 
Operand Dats {Low Order Bytel 

Op Code 

Destination Address (High Order Byte) 
Destination Address [Low Order Byte) 
Irrelevant Data (Note 1) 


Osta from Accumulstor 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand {Low Order Byte) 
Currenı Opserand Dats 

Irreievant Data (Note 1) 

New Operand Date (Note 2) 


Note 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 


Depending on bus capacitance, date from ıhe previous cycle may be retained on the Data Bus. 


Note 2. For TST, VMA = O and Operand data does not change. 
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Aeistive Address Mode — In both the Direct and 
Extended modes, the address obtained by the MPU is an 
absolute numerical address. The Relative addressing mode, 
implemented for the MPU’s branch instructions, specifies 
a memory location relative to the Program Counter’s 
current location. Branch instructions generate two bytes 
of machine code, one for the instruction opcode and 
one for the "relative address (see Figure 32). Since 
it is desirable to be able to branch in either direction, 
the 8-bit address byte is interpreted as a signed 7-bit value; 
the Bth bit of the operand is treated as a sign bit, ‘0” = 
plus and ''1' = minus. The remaining seven bits represent 
the numerical value. This results in a relative addressing 
range of #127 with respect to the location of the branch 
instruction itself. However, the branch range is computed 
with respect to the next instruction that would be 
executed if the branch conditions are not satisfied. Since 
two bytes are generated, the next instruction is located 
at PC + 2. If,D is defined as the address of the branch 
destination, the range is then: 


(PC + 2) - 127 SDS (PC +2) + 127 


that is, the destination of the branch instruction must 
be within - 125 to + 129 memory locations of the branch 
instruction itself. For transferring control beyond this 
range, the unconditional jump (JMP), jump to subroutine 
{JSR), and return from subroutine (RTS} are used. 

In Figure 32, when the MPU encounters the opcode for 
BEQ (Branch if result of last instruction was zero), it 
tests the Zero bit in the Condition Code Register. If that 
bit is ‘0’, indicating a non-zero result, the MPU continues 
execution with the next instruction (in location 5010 
in Figure 32). If the previous result was zero, the branch 
condition is satisfied and the MPU adds the offset, 15 in 
this case, to PC + 2 and branches to location 5025 for 
the next instruction. 

The branch instructions allow the programmer to 
etficiently direct the MPU to one point or another in the 
control program depending on the outcome of test 
results. Since the control program is normally in read- 
only memory and cannot be changed, the relative address 
used in execution of branch instructions ıs a constant 
numerical value. Cycle-by-cycle operation is shown in 
Table 15 for relative addressing. 


or PC - 125 &D< PC + 129 


TABLE 15 — RELATIVE MODE CYCLE-BY-CYCLE OPERATION 


San = |! 


Op Code Address Op Code 

Op Code Address + 1 Branch Offset 

Op Code Address + 2 Irrelevanı Data (Note 1) 

Branch Address Irrelevanı Data (Note 1) 

Op Code Address Op Code 

Op Code Address + 1 Branch Offset 

Asturn Address of Main Program Irrelavant Data (Note !) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irreievant Data (Note 1) 
Irretevanı Data {Note 1) 
Irreievanı Date (Note 1) 


Addrem Mode 
and instructions 


Stack Poıntar 

Stack Pointer — 1 

Stack Pointer - 2 

Return Addrem of Main Progrem 


1 
1 
0 
I 
1 
0 
I) 
{"} 


Subroutine Address 


Note 1. If device which is addressed during this cycle uses VMA, ıhen the Data Bus will go to Ihe high impedance thres-state condition. 
Depending on bus capecitenee, date from the previous cycle mey be retained on the Data Bus 
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FIGURE 32 - RELATIVE ADDRESSING MODE 


[PC + 2) + (Ottenı) 
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Indexed Addressing Mode — With Indexed addressing, 
the numerical address is variable and depend on the 
current contents of the Index Register. A source state- 
ment such as 


Operator Operand Comment 
STAA x PUT A IN INDEXED LOCATION 


causes the MPU to store the contents of accumulator A 
in the memory location specified by the contents of the 
Index Register (recall that the label ’'X’' is reserved to 
designate the Index Register). Since there are instructions 
for manipulating X during program execution {LDX, INX, 
DEX, etc.), the Indexed addressing mode provides a 
dynamic "on the fly’' way to modify program activity. 

The operand field can also contain a numerical value 
that will be automatically added to X during execution. 
This format is illustrated in Figure 33. 

When the MPU encounters the LDAB (Indexed) op- 
code in location 5006, it looks in the next memory 
location for the value to be added to X (5 in the example) 
and calculates the required address by adding 5 to the 
present Index Register value of 400. In the operand 
format, the offset may be represented by a label or a 
numerical value in the range O-255 as in the example. 
In the earlier example, STAA X, the operand is equivalent 
to 0,X, that is, the OÖ may be omitted when the desired 
address is equal t0 X. Table 16 shows the cycle-by-cycle 
operation for the Indexed Mode of Addressing. 


FIGURE 33 - INDEXED ADDRESSING MODE 


wr. 


ADDR =" INDX 
* OFFSET 


OFFSET «28 
GENERAL FLOW 
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TABLE 16 — INDEXED MODE CYCLE BY CYCLE 


Address Mode 
and Instructions 


INDEXED 


De 


asou2aun-|san2aun. 


Op Code Address 

Op Coda Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Op Code Address 

Op Code Address + 1 

Index Aegister 

Inden Register Plus Offset (w/o Carry) 
Inden Register Plus Offset 

Op Code Address 

Op Code Address + I 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offsat 

Index Register Plus Oftser + 1 


Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 

Index Register Plus Offset 

Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset {w/o Carry) 
Index Aogister Plus Offset 

Index Register Plus Offset 

Index Aegister Plus Offset 


Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offsgt 

Index Register Plus Offset 

Inden Register Plus Offset + 1 

Op Code Address 

Op Code Address + 1 

Index Rogi 
Steck Pointer 


[2 


Stack Pointer - 1 

Steck Pointer — 2 

Index Register 

Index Register Pius Offest (w/o Carry) 


Op Code 

Oftser 

Ircelevant Data (Note 1) 
Irrelevanı Data (Note 1) 

Op Code 

Oftset 

irrelevant Data (Note 1) 
irrelevant Data (Note 1} 
Operand Data 

Op Code 

Olfser 

Irrelevanı Data (Note 1) 
Irrelevanı Data (Note 1) 
Operand Date (High Order Byte) 
Operand Data (Low Order Byte) 


Oo Code 

Offser 

Irrelevanı Data (Note 1} 
Irralavanı Data (Note 1} 
irrelevant Data (Note 1} 
Operand Data 

Op Code 

Offset 

irrelevant Data {Note 1} 
Irretevanı Date (Note 1} 
Current Operand Data 
Irrelevanı Data (Note 1} 
New Operand Data {Note 2) 


Op Code 

Oltse 

trrelevant Data (Note 1) 
Irrelevant Date {Note 1) 
Irrelevant Data [Note 1) 

Operand Data (High Order Byte} 
Operand Data (Low Order Byte) 
Op Code 

Offser 

trrelevanı Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevanı Dates (Note 1) 
Ierelevanı Data (Note 1} 
Icrelevant Date {Note 1) 


Note 1. It device which is addressed during ıhis cycle uses VMA, then the Data Bus will go to the high impedance three-rtate condition. 


Oepending on bus cepacltance, deta from the previous cycle may be rı 


Note 2. For TST, VMA = O and Operand dates dom not change. 
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PACKAGE DIMENSIONS 


NOTES 
1. LEADS TRUE POSITIONED rn 
WITHIN 0.25 mm (0.010) DIA AT 
SEATING PLANE AT MAxIMuUM [6 | 4:57 | 5.08 | 0180 | 0.200 | 
MATERIAL CONDITION [D [03 | 051 ; 0.014, 0.090 | 
{DIM “0") [3 1.02 , 152 :000| 01 


2. DIM "L" TO CENTER DF LEADS 
WHEN FORMED PARALLEL 


CASE 71102 
(PLASTIC) 


raıtee Frida 


el -4o SEATING PLANE | L 


NOTE 
1 LEADS, TAUE POSITIONED WITHIN 
0.25 mm (0.010) DiA (AT SEATING 
PLANE), ATMAX MAT 
CONDITION 


CASE 71502 
{CERAMIC) 
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Advance Information 


MICROCOMPUTER UNIT (MCU) 


The MC6801 MCU is an 8-bit microcomputer systern which is compatible 
with the M6800 family of parts. The MC6801 MCU is object code 
compatible with the MC6800 with improved execution times of key 
instructions plus several new 16-bit and B-bit instructions includingan8X8 
unsigned multiply with 16-bit result. The MC6801 MCU can operate a5a 
single chip microcomputer or be expanded to 65K words. The MC6801 
MCU is TTL compatible and requires one +5.0 volt power supply. The 
MC6801 MCU has 2K bytes of ROM and 128 bytes of RAM on chip, Serial 
Communications Interface (S.C.l.). and parallel I/O as well as a three 
function 16-bit timer. Block diagram is shown in Figure 1. Features ol the 
MC6801 include the following: 


® Expanded M6800 Instruction Set 


MOS 


{N-CHANNEL, SILICON-GATE 
DEPLETION LOAD) 


MICROCOMPUTER 


® 8X 8 Multipiy LSUFFIX 

® On-Chip Serial Communications Interface (S.C.l.) CERAMIC PACKAGE 
® Object Code Compatible With The MC6800 MPU CASE 715 

® 16-Bit Timer 

« Single Chip Or Expandable To 65K Words 

® 2K Bytes Of AOM 

« 128 Bytes Of RAM (84 Bytes Retainable On Power Down) 

* 31 Parallel 1/O Lines 

® Internal Clock/Divided-By-Four u. 

® TTL Compatible Inputs And Outputs ) Ye s 

® Interrupt Capability FR au zus P SUFFIX 

® Exiernel Clock/Divide-By-Une Mask Option (MC6801E) And EPROM Nr PLASTIC PACKAGE 


Versions MC88701 And MC68701E Avallable Soon. CASE 711 


FIGURE 1 - SINGLE-CHIP MICROCOMPUTER BLOCK DIAGRAM 


vs$ 
XTAL I 
EXTAL 2 
m 
RO 
Aeset 
Vec 
P20 
p21 
P22 
P23 
P24 
P1IO 
P11 
p12 
P1J 
pı4 
P1S 
P16 
pı7 


This is advance informalion and specifications are subject to change without nolice. «Motorola Inc., 1978 ADI-B0F 
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ELECTRICAL CHARACTERISTICS (Vcc = 5.0V -5%. Vss = 0. Ta = Tu to TH unless otherwise noted.) 


Input High Voltage 
Reset 


Input Low Voltage 
Three-State (Off State) Input Current P10-P17 
(Vın = 0.4 t0 2.4 Vdc) P20-P24, P30-P37 
Output High Voltage 
All Outputs Except XTAL 1 andEXTAL 2 
(Itoas = -200 „Adc) 
Output Low Voltage 
All Outputs Except XTAL 1 and EXTAL 2 
(1 Load = 1.6 mAdec) 
Power Dissipation 


Capacitance 


(Vin = 0, Ta = 25°C, 1 = 1.0 MHz) 
P10-P17, P20-P24, P40-P47 P30-P37 
Reset SC1. SC2, IRQ 


Delay Time, Enable negative transition to Peripheral Data Valid 
(Figure 6) 


NOTE: The above electricals satisiy Ports 1 and 2 always. and Ports 3 and 4 in Ihe single chip mode only. 


' BUS TIMING (Figure 9) 


I Careers |] mn T Typ | mu T une ] 
an eo = ge nr a een et 
Address Strobe Pulse Wii Figh res Be [Se nn 
(Adress Strobe Aiso time — Lg ne | 
Adress Stone Falı Time Lg Te 
address Strabe Deiay Tıma Lo | ns] 
Erasansaımee a ee ee et 
Ense am I | Ins] 
Enabıe Puise win on Time _ | pw] ao | | . 1 np] 
Enabıe Puise Wictn Low Time pw | so | ne] 
Address Strobe 10 Enabie Delay me _ | te | 606 | —. | 1 n,] 
(Aacress Delay m I, 1, zo In] 
Data Deiay weite time  — — | ey |. 20 I me] 
name Pe Sl mr el len 
Hold Timey Rena as je ao et 

write ae ee Ss 
Address Delay Time tor Lateh rs we oe 
Address Hold Time for Latch tu Ta NT ons | 
Pulse Widih pw Bo | 370 | ons] 
Address Hold Time nee ar 


———— (A) MOTOROLA Semiconductor Products u 
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MAXIMUM RATINGS This device contains circuitry to protect the 
inputs against damage due to high slatic 
voltages or electric fields, however, it is 
advi.cA that normal precaulions betakento 
avoid application ol any voltage higher than 
maximum rated voltages to this high 
impedance circuit. For proper operation itis 

torage Temperature Range recommended that Vn and Vu be 


Thermal Aesistance Plastic Package constrained to the range VssS (V.n Or Von) & 
Ceramic Package Voo. 


TABLE 1 — MODE AND PORT SUMMARY 


MCU SIGNAL DESCRIPTION 
This section gives a description ofthe MCU signals for Ihe various modes. Figure 2 shows Ihe general pin assignments for thesıgnals. 
SC1 and SC2 are signals which vary with the mode Ihat the chip is in. Table 1 gives a summary of their function. 


PORT 1 PORT 2 PORT 3 PORT4 
Eight Lines | Five Lines Eighi Lines Eight Lines 
SINGLE CHIP vo 
ADDRESS BUS 
(A0-A7) ADDRESS BUS* 
EXPANDED MUX [Fie} Io) DATA BUS (AB-A15) 
(00-07) 
DATA BUS ADDRESS BUS" 
XPANDED NON-MUX [I] VO (00-07) tAD-A7) 


“These lines can be substituted for I/O (Input Only) starting with the most significant address line. 
b = Input I$ = Input Strobe SC = Strobe Control 


O = Output OS = Output Strobe AS = Address Strobe 
RN = Read/Write IOS = 1/O Select 


READ/WRITE TIMING FOR PORTS 3 AND 4 (Figures 3-4) 
| _____ Character | 
Peripherat Read Access Time 


Processor Controls 
Processor Control Setup Time 
Processor Control Rise and Fall Time 
(Measured between 0.8V and 2.0V) 


PORT 3 STROBE TIMING (Figures 7-6) 


Output Strobe Delay 1 
Output Strobe Delay 2 
Input Strobe Pulse Width 
Input Data Hold Time 
Input Data Setup Time 


m (M) MOTOROLA Semiconductor Products Inc. —— — 


352 


| MC6801 | 


FIGURE 3 — READ DATA FROM MEMORY OR PERIPHERALS EXPANDED NON-MULTIPLEXED 


0.47 
m -- ID — 


2.4 Vu ; 
R’w : BIS 


188, Address 5 
Port 4 From MPU OA vV 


Data 
Port 3 From MPU erıT Y 
or Peripherais 08V N 


RUN Dats Not Valıd 


FIGURE 4 — WRITE DATA IN MEMORY OR PERIPHERALS EXPANDED NON-MULTIPLEXED 


Pona  [OS.Aadren 
From MPU 


ze HWw 


Data 2 
Port 3 From MPU Osta Valld RB 


NIIIIN Dats Not Valid 


PORTS 1 AND 2 , AND PORTS 3 AND 4 IN THE 
SINGLE CHIP MODE i 
FIGUAE S — PERIPHERAL DATA SETUP AND HOLD TIMES FIGURE 0 — PERIPHERAL CMOS DATA DELAY TIMES 
{Read Mode) (Write Mode) 


P10-P17 
P20-P24 Enable 
P30-P37 
P40-P47 


17 
Enabie i , 


(M) MOTOROLA Semiconductor Products Inc. 
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FIGURE 7 — OUTPUT STROBE TIMING — FIGURE 8 — INPUT STROBE TIMING — 
SINGLE CHIP MODE SINGLE CHIP MODE 


CPU 


Read or 
Write 


653 


Input Data 
Port 3 


FIGQURE ® — MULTIPLEXED BUS TIMING 


All Loads On TTL & W 


Address Sirobe 
1AS) 


Data Strobe 
{E) 


RW, AB-A15 Address Valıd |] 
. ee 
Me, 
| 
MPU Write 
D0-D7. AQ- A7 Qruen| 15 a 
Benaı valıd 


'Dsr 


'koL TAHL 


MPU AEAD j 
rn er 
(Port 3) 


(M) MOTOROLA Semiconductor Products Inc. - 
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FIGURE 11 — BUS TIMING TEST LOAD AND PORTS 1. 
FIGURE 10-CMOS LOAD 3 AND 4 FOR SINGLE CHIP MODE 


Vcec 


AL® 22% 


Tust Pont 
Test Poınt MMOGI50 
or Equiv 


MMD7000 
or Enumw 


C = 9Y0pF tor P3O-P37. P40-P47. E.$SC1.SC2 
R = 16.5KN for P30-P37, P40-P47, E. SC1.SC2 


FIGURE 12 — TEST LOADS FOR PORT 1 
Darlington Load 
(P10-Pı7) 


C=40 A.R = 12« 
Adjust A, so that Iı =32 mA 


1; 
MM ı 
with Vi= 0.4V and Vec=5 25 V Test Point 08.150 


or Eqauiv. 


MMD7000 
or Eauw 


FIGURE 13 — TYPICAL DATA BUS OUTPUT DELAY FIGURE 14 — TYPICAL READ/WRITE, VMA AND 
versus CAPACITIVE LOADING ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 
600 


IQH :-205 „Amar @ 24V 
IgL = I.EmAma@04V 


10H ®- 
IoL : 16mA ma @0.4V 


a 
a G 
? 2 
m 3 
= = 
Leg) > 
E s 
& & 
o 
2 DI IT Tüc emo em} 
0 100 200 300 400 500 600 400 500 600 
CL. LOAD CAPACITANCE (pF} CL. LOAD CAPACITANCE (pf) 
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Vcc and Vss 

These two pins are used to supply power and ground to the 
chip. The voltage supplied will be +5 volts +5%. 
XTAL 1 and EXTAL 2 

These connections are for a parallel resonant fundamental 
erystal, AT cut. Divide by 4 circuitry is included with the internat 
clock. so a 4 MHz crystal may be used to run the system at 1 
MHz. The divide by 4 circuitry allows for use of the inexpensive 
3.56 MHz Color TV crystal for non-time critical applications. 
Two 27 pF capacitors are needed from Ihe two crystal pins io ground 
to insure reliable operation. EXTAL2 may be driven 
by an external clock source at a4 MHz rate to run at 1 MHz wilh 
8 40/60% duty cycle. It is not restricted to 4 MHz, as it will divide 
by 4 any frequency less than or equal to 4 MHz. XTAL1 must be 
grounded if an external clock is used. The following are the 
recommended crystal parameters: 


AT = Cut Parallel Resonance Crystal 
C, = 7 pF MAX 
FAEQ = 40 MHz @C. = 24 pf 
As = 50 ohms MAX. 
Frequency Tolerance - 45% to t0.02% 
The best E output "Worst Case Design 
tolerance is +0.05% (500 ppM) using 
A +0.0% crystal 

Vcc Standby 

This pin willsupply ı 5volts -5% to the standby RAM ontthe chip. 
The first 64 bytes of RAM will be mainlained in the power down mode 
with 8 mA current max in the ROM version. The circuit ol figure 15 
can be utilized to assure that Vcc Standby does nol go below Vsas 
during power down. 

To retain information in the RAM during power down the following 
procedure is necessary: 

1) Write “0” into the RAM enable bit, RAME. RAM E is bit 6 of the 
RAM Control Register at location $0014. This disables the standby 
RAM. thereby protecting it at power down. 

2) Keep Vcc Standby greater Ihan Vsae. 


FIGURE 15—BATTERY BACKUP FOR Vcc STANDBY 


Vcc Standby Vec 


— 5257 
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Reset = 

This input is used to reset and start the MPU from a power 
down condition, resulting from a power failure or an initial start- 
up ofthe processor. On power up, the reset must be heldlow for 
al least 20 ms. During operation. Reset. when brought low. must be 
held low at leası 9 clock cycles. 

When a high level is detected. the MPU does the following: 

a) All the higher order address lines will be lorced high. 

b) VO Port 2 bits, 2, 1, and O are latched into programmed 
control bits PC2, PC1 and PCO. 

c) The last two (FFFE. FFFF) locations inmemory will be used 
to load the program addressed by the program counter. 

d) The interrupt mask bit is set, must be cleared before the 
MPU can recognize maskable interrupts. 


Enable (E) 
This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 


SIGNAL DESCRIPTIONS 
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compalibie clock, and will be the divide by 4 result of the crystal 
frequency. It will drive one TTL load and 90 pF. 
Non-Maskabie Interrupt (NMI) 

A low-going edge on thisinput requests that anon-maskable- 
interrupt sequence be generated within Ihe processor. As with 
the Interrupt Request signal. the processor will complete the 
current instruction that is being executed before it recognizes 
the NMiI signal. The interrupt mask bit in Ihe Condition Code 
Register has no elfect on NMI. 

In response to an NMi interrupt. the Index Register, Program 
Counter, Accumulators. and Condition Code Register are 
stored on the stack. Attheend ol the sequence. a 16-bit address 
will! be loaded that points to a vectoring address located in 
memory locations FFFC and FFFD. An address loaded at these 
locations causes the MPU to branch to a non-maskable 
interrupt service routine in memory. 

A 3.3 kt} external resistor to Vcc should be used for wire-OR 
and optimum control of interrupis. 

Inputs IMG and NMi are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 
clock bar following the completion of an instruction. 


Interrupt Request (IAQ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait until it 
completes the current instruction that is being executed before 
itrecognizes the request. Atthattime. ifthe interrup! mask bit in 
ihe Condition Code Register is not set, the machine will begin 
an interrupt sequence. The Index Aegister, Program Counter, 
Accumulators, and Condition Code Register are stored on the 
stack. Next the MPU will respond to the interrupt request by 
setting the interrupt mask bit high so that no further maskable 
interrupts may occur. Atihe end ofthe cycle, a 16-bit address 
will be loaded that points to a vectoring address which is 
located in memory locations FFF8and FFF9. An address toaded 
at these locations causes Ihe MPU to branch to an interrupt 
routine in memory. 

Tne IRQ requires a 3.3 kf} external resistor to Vec which should 
be used for wire-OR and oplimum control of ınterrupis. 
Internal Interrupts will use an internal interrupt line (IRQ2). This 
interrupt will operate the same as IRQ except that it will use Ihe 
vector address of FFFO and FFP7. IRQ1 will have priority over 
IRQ2 if both occur at Ihe same time. The Interrupt Mask Bit in Ihe 
condition mode register masks both interrupts. (See Figure 25). 


The following pins are available in the Single Chip Mode, and 
are associated with Port 3 only. 


Input Strobe (183) (8C1) 

Tnis sets an interrupt for the processor when the I$3 Enabte 
bit is set. Ag shown in Figure 8 Input Strobe Timing, 153 will falt 
Tıs minimum after data is valid on Port 3, If IS3 Enable is set in 
the /O Port Control/Status Register. an interrupt will occur. If 
the latch enable bit in the I/O Control Status Register is set, this 
strobe will latch the inpul data from another device when that 
device has indicated that it has valid data. 


Output Sirobe (057) (SC2) 

This signal is used by the processor to strobe an external 
device, indicating valid data is on the I/O pins. The timing for 
the Output Strobe is shown in Figure 7. /O Port Control/Status 
Register is discussed in the following section. 
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The following pins are available ın the Expanded Modes. 


Asad/Write (R/W) (SC2) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Aead (high) or aWrite 
(low) state. The normal standby statı of thıs sıgnal ıs Head (high). 
This output is capable ol driving one TTL load and 90 pF 


NO Strobe (IÖS) (SC1) nf 

In the expanded non-multiplexed mode ol operation. IOS inter- 
nally decodes A9 through A15as zero sandAßasaone Thisallows 
external access ol the 256 locations from $0100 to SOIFF. The 
timing diagrams are shown as Iigures 3 and 4 


There are four /O ports on the MC6801 MCU.: three B-bit 
ports and one 5-bit port There are two control lines associated 
with one of the 8-bit poris. Each port has an associated write 
onty Data Dıirection Aegıster which altows each \/O line to be 
programmed 10 aci a5 an ınput or an oulput.* A "1" in the 
corresponding Data Direction Register bit will cause that WO 
line 10 be an output A "0" ın the corresponding Data Direction 
Register bit wıll cause that I’O lineto bean input. There are four 
ports. Port 1. Port 2. Port 3, and Port 4. Their addresses and the 
addresses of their Data Direction regısters are given in Table 2 

"The only exceplion isbit 1 01 Port 2. which can eıther be dala ınpul 
or Timer output 


TABLE 2 — PORT AND DATA DIRECTION 
REGISTER ADDRESSES 


Porls 


VO Port 1 
KO Port 2 
VO Port 3 
VO Port 4 


Port Address 


50002 
80003 
$0006 
50007 


Data Direction Register Address 
$0000 


$0001 
$0004 
$0005 


VO Port 1 

This ıs an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have Ihree-state capability. allowing 
ihem to enter a high impedance state when the peripheral data 
lines are used as inputs. In order to be read properly. the voltage 
on the input lines must be greater than 2.0 volts for a logie "1" 
and less than 0.8 volt for a logic "0". As oulpuls, these lınes are 
TTL compatible and may also be used as asourceofupto I1mA 
at 1.5 volts to directly drive a Darlington base. Alter Reset, the 
VO lines are configured as inputs. In all ihree modes, Port 1 is 
always parallet /O 


VO Port 2 

This port has five lines that may be defined as inputs or 
outputs by ıts data direction register. The 5 output buffers have 
three-state capability. allowing ihem to enter ahigh impedance 
state when used as an input. In order to be read properly. the 
voltage on the input lines must be greater than 2.0 volts fora 
logic "1" and less than 0.8 volt for a logic "0". As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
dırectiy. For driving CMOS inputs. external pullup resistors are 
required. Alter Reset. the I/O lines are configured as inputs 
Three pins on Por 2 (pins 10. 9 and 8 of the chip) are used to 
program the mode of operation during reset. The values of 
these pins atreset are latched ınto the three MSB's (bits7.6.and 
5} of Port 2 which are read only. This ıs explaıned in the Mode 
Setection Section. 
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Address Strobe (AS) (SC1) 

In Ihe expanded multiplaxed mode ol operation address 
strobe is output on this pin. This signal is used to latch the 8 
LSB's of address which are multiplexed with data on Port 3. An 
8-bit latch is utilized in conjunction with Address Strobe, as 
shown in figure 29, Expanded Mulliplexed Mode. Address 
Strobe signals the lat<h when itistime to latch the address lines 
so the lines can become data bus lines during the E pulse. The 
timing for this signal is shown in the MC6801 Bus Timing Figure 
9. This signal is also used to disable the address Irom the 
multiplexed bus allowing a deselect time, Taso before the data is 
enabled to the bus 


In all three modes. Port 2 can be configured as I/O and 
provides access to the Serial Communications’Interface and 
the Timer. Bit 1 is the Only pin restricted to data input or Timer 
output. 

VO Port 3 

This ıs an 8-bit port that can be configured as I/O, adata bus, 
or an address bus multiplexed with the data bus — depending 
on the mode of operation hardware programmed by the user at 
reset. As a data bus, Port 3 is bi-directional. As an input for 
peripherals. it must be supplied regular TTL levels, that is, 
greater than 2.0 volts for a logic "1" and less than 0.8 volt fora 
logie "0". 

Its TTL compatible three-state oulput buffers are capable of 
driving one TTL load and 90 pt. In the Expanded Modes, after 
reset. the data direction regisier is inhibited and data flow 
depends on the state of the R/W line. The input strobe (1S3) and 
the output strobe (OS3) used for handshaking are explained 
later. 

In the three modes Port 
characteristics: 

Single Chip Mode: Parallel Inputs/Outpuls as programmed 
by its associated Data Direction Register. Therearetwo control 
lines associated with this port in this mode, an input strobe and 
an output strobe. that can be used for handshaking. They ara 
controlled by the I/O Port Control/Status Register explained at 
the end of this section. 

Expanded Non-Multiplexed Mode: In this mode Port 3 
becomes the data bus (D7-DO). 

Expanded Mutitiplexed Mode: In this mode Port 3 becomes 
both the data bus (D7-DO) and lower bits of the address bus 
(A7-AO). An address strobe output is true when the address is 
on the port. 


3 assumes the following 


VO PORT 3 CONTROL/STATUS REGISTER 


7 6 5 4 3 2 1 
153 153 x LATCH 
FLAG JENABLE ENABLE 


BitO 
Bit 1 
Bit 2 
Bit 3 


$000F 


Not used. 
Not used. 
Not used. 
Latch Enable. This controls the input latch for IYO Port 3. 
Ifthıs bit is set high the input data willbe latched withthe 
falling edge of the Input Strobe, 153. Thisbitsclearedby 
reset, or CPU Read Port 3 
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Bit 4 (OSS) Output Strobe Select. This bit will select il the Output 
$trobe should be generated by a write to LO Port 3or a read of 
LO Port 3. When this bit is cleared the strobe is generated by a 
read Port 3. When this bit ıs set the strobe is generated by a 
write Port 3. 

Bit 5 Not used. 

Bit 6 IS3 ENABLE. This bit will be the interrupt caused by 183. 
When set Io a low levelthe IS3 FLAG will be sel by input strobe 
but the interrupt will not be generated. This bit is cleared by 
reset. 

Bit 7 ISI FLAG, This is a read only status bit that is set by the falling 
edge ol the input strobe, 153. It is cleared by a read ol the 
Contro! Status Register lollowed by a read or write of | O Port 
3. Reset will clear this bit. 


VO Port 4 

This is an 8-bit port that can be configured as /O or as 
address lines depending on the mode of operation. In order to 
be read properly. the voltage on the input lines must be greater 
than 2.0 volts for a logic "1" and less than 0.8 volt for a logie "0". 


As outputs, each line ie TTL compatible and can drive 1 TTL 
koad and 90 pF. After reset, the lines are configured as inputs. 
To use the pins as addresses. therelore. they should be 
programmed as oulputs. Inthethree modes, Port 4 assumesthe 
following characteristics: 

Single Chip Mode: Parallel Inputs/Outputs as programmed 
by its associated Data Direciion Register. 

Expanded Non-Multipiexed Mode: In thıs mode Port 4 is 
conligured as the lower order address lines (A7-AO) by writing 
one's to Ihe data direction register. When all eight address lines are 
not needed. the remaining lines. starting with the most significant bit. 
may be used as I O (inputs only). 

Expanded Multiplexed Mode: In this mode Port 4 is 
configured as the high order address lines (A15-AB) by writing 
one's to the data direction register. When all eight address lines 
are not needed, the remaining lines, starting with the most 
significant bit, may be used as I/O (inputs only). 


MODE SELECTION 


The mode of operation that 6801 will operate in alter Resel is 
determined by hardware that the user must wire on pins 10, 9. and B 


of the chip. These pins are Ihe three LSB's (10 2.10 1.and!O0 


An example ol external hardware that could be used in the 
Enpanded Non-Multiplexed Mode is given in Figure 16. In the 
Expanded Non-Multiplexed Mode. pins 10. 8 and 8 are 
programmed Hi, Lo, Hi respeclively as shown. 

Coupiers between the pins on Port 2 and the peripherals 
attached may be required. If the lines go to devices which 
require signals at power up differing from the signals needed to 
program the 6801's mode. couplers are necessary. 


3 2 1 0 
.O3 | v02 vo ı voo 


FIGURE 16 — DIODE CONFIGURATION FOR THE 


tespectively) of Port 2. They are latched into programmed comtrol 
bits PC2. PCt, and PCO when reset goes high. 1'O Port 2 Register is 
shown below. 


The MC14066B can be used to provide this isolation between the 
peripheral device and the MCU during reset. Figure 17 shows Ihe 
logic diagram and Irulh table for tne MC14066B. It is bidireclional 
and requires no external logie to determine the direction ol Ihe 
ınlormatıon flow. The logic shown insures that the data on the 
peripheral will not change before it is latched into the MCU and the 
MCU has started the reset sequence. 


EXPANDED NON-MULTIPLEXED MODE 


As bıts 5. 6 and 7 ot Port 2 are read only. the mode cannot be 
changed through software. The mode selections are shown in 
Table 3. 

P20 refers to Port 2, bit 0. 


To Peripheral 
oupler Control 
To Peripheral 
Coupier Control 
To Peripheral 
Coupler Control 
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FIGURE 17—MC140868 QUAD ANALOG, SWITCH/ 
MULTIPLEXER IN A TYPICAL MC8801 CIRCUIT 


INouT OUT/IN 
MC14066B 
CONTROL "OF DEVICE SHOWN) 


Vin TO Vox: RESISTANCE 


> 10% OHMS TYP 
300 OHMS TYP 


7414 


TO 140668 
CONTROL INPUTS 


FIGURE 18 — MC6801 MCU SINGLE-CHIP MODE 


Vcc Standby 9 


MC6801 BASIC MODES 
Reset 


The MC6801 is capable of operating ınthree basic modes: (1) 
Single Chip Mode. (2) Expanded Multiplexed Mode 
(compatible with M6800 peripheral family) (3) Expanded Non- Port! 
Multiplexed Mode. 81/0 Lines 
SINGLE CHIP MODE 

In the Single Chip Mode the Ports are configured for V/O. 

This is shown in Figure 18 the sıngle Chip Mode. In this mode, Port 
3 will have two associated control Ines, an input strobe and an Porıa 
output strobe for handshaking data. 8 VO Lines 


8WV/O Lines 


VO Stroben 


Port 2 
5VOo Line 
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In this mode the MC6801 will directiy address M6800 
peripherals with no external logic. In this mode Port 3 becomes 
ihe data bus, Port 4 becomes the A7-AO address bus or partial 
address and I/O (inputs only). Port 2 can be parallel I/O. serial 
/O, Timer. or any combination thereof. Port 1 is parallel /O 


FIGURE 19 — MC6801 MCU EXPANDED NON- 
MULTIPLEXED MODE 


Vcc 
o 


Vec Standby 
Reset 


Pon 1 
8 Parallel 1:0 


Por 3 
8 Data Lines 


Port 2 Port 4 
5 Paraltel VO To 8 Address 
scı Lines or To 


Timer 


TVO Lines 
{Inputs Only) 


EXPANDED NON-MULTIPLEXED MODE 


only. In this mode the MC6801 is expandable to 258 locations. 
The eight address lines associated with Port 4 may be 
substituted for I/O (inputs only) if a fewer number of address 
Iines will satisfy the application. (See Figure 19). 


FIGURE 20 — MC6801 MCU EXPANDED MULTIPLEXED 
MODE 


Vec 


Enable 
0 NMI 


Von Standby Q -oIRO 


Kasei RR 

Port 1 atlsn 

8V/O Lines Multiplexed 
Data/Address 

Address Strobe 

Port2 

5VO Lines Fon4 

scı To 8 Address 

Timer Lines or To 


= 7 VO Lines ; 
vss (Inputs Only) 


EXPANDED MULTIPLEXED MODE | 
In this mode Port 4 becomes higher order address lineswith | 
an alternative of substiluting some ol the address lines for I/O 
{inputs only). Port 3 is the data bus multiplexed with the lower | 
order address lines difterentiated by an output called Address 
Strobe. Port 2 is 5 lines of Parallel /O. SCI, Timer, or any 
combination thereof. Port 1 is 8 Parallel I/O lines. In this mode it 
is expandable 10 65K words. (See Figure 20). 
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TABLE 3 — MODE SELECTS 


PROGRAM CONTROL ROM RAM INTERRUPT VECTORS BUS 
SINGLE CHIP i i \ ' 
EXPANDED MULTIPLEXED i l Ep/M 
EXPANDED NON-MULTIPLEXED ! 
SINGLE CHIP TEST ı \ 
64K ADDRESS I O E Ep/M 
PORTS 3 & 4 EXTERNAL E Ep/M 
E Ep/M 
TEST-DATA OUTPUTTED FROM 1? Ep/M 
ROM & RAM TO I O PORT 3 


Ep 


E — EXTERNAL all vectors are external * First two addresses read from external after reset 
I -- INTERNAL (1) Address for RAM XX80-XXFF 

Ep — EXPANDED (2) ROM disabled 

M — MULTIPLEXED 


Lower order Address Bus Latches can be used wtih the MC6801 to latch the least significant 

Sınce the data bus is multiplened with the lower order address byte. Figure 21 shows how to connect the latch to the 
address bus ın Port 9. latches are required to latch those MC6801. The output control to the LS373 may be conneciedto 
address bits. The SN74LS373 Transparent octal D-type latch ground. 


FIGURE 21 — LATCH CONNECTION 


PORT 3 ADDRESS.As - A, 
ADDRESS DATA 


DATA OD. - D- 


FUNCTION TABLE 


[ei aTagL 
ı 


L 
H 
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PROGRAMMABLE TIMER 


The MC68801 contains an on-chip 16-bit programmable timer 
which may be used to perform measurements on an input 
wavelorm while independently generating an output waveform. 
Pulse widths for both input and output signals may vary from a 
tew microseconds to many seconds. The timer hardware 
consists of 

® an 8-bit control and status register. 

® a 16-bit Iree running counter, 

© a 16-bit output compare register, and 

© a 16-bit input capture register 


A block diagram of the timer registers is shown in Figure 22. 


Fres Running Counter ($0009:000A) 

The key element in the programmable iimer is a 16-bit free 
funning counter which is driven to increasing values by the 
MPU 9. The counter value may be read by the MPU software at 
any time. The counter is clearedtto zero on RESET and may be 
considered a read-oniy register with one exception. Any MPU 
write to the counter's address ($09) will always result ina preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset feature ıs intended for 
testing operation of the part. but may be of value in some 
applications. 


Output Compare Register ($0008:000C) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found. a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) andthe 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the output level regisler. Providing the Data 
Direction Register for Port 2, Bit 1 contains a "1" (output). the 
Output level register value will appear on the pin for Port 2 Bit. 
Tne values in the Output Compare Register and Output level bit 
may then be changed to control the output level on the next 
compare value. The Output Compare Register is set to $FFFF 
during RESET. The Compare function is inhibited for one cycle 
following a write to the high byte ol the Output Compare 
Register to insure a valid 16-bit value is in the register before a 
compare is made. 


FIGURE 22 — BLOCK DIAGRAM OF TIMER REGISTERS 


Timer Control/Status Register 


7 6 5 4 3 2 1 () 
ıs [erJoer[rorJeoTeocferofeocpr] 


soB' soc 


Output Compare High Byte | Output Compare 
s09 soA 


Low Byte 


Counter 


soD SOE 


Counter High Byte Low Byte 


Input Capture High Byte | Input Capture Low Byte 


*" The characters above the registers rapresent their addressin Hex 


Input Capture Register ($000D:000E) 

The Input Capture Register is a 16-bit read-oniy register used 
to store the current value ol the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the Input Edge bit (IEDG) in the TCSR. The Data 
Direction Register bit tor Port 2 Bit 0, should” be clear (zero) in 
order to gale in Ihe external input signal to the adge detect unit 
in the timer. 

“With Port 2 Bit O configured as an output and set to "1", the 
external input will still be seen by the edge detect unit. 
Timer Control and Status Register (TCSR) ($0008) 

The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate that: 

® a proper transition hay taken place on the input pin with a 
subsequent transfer of the current counter value to the input 
capture register. 

® a match has been found between the value in the free 
running counter and the output compare register. and 

© when $0000 is in the free running counter. 

Each of the flags may be enabled onto the MC6801, internal 
bus (IRQ2) with an individual Enable bit in the TCSA. Ifthel-bit 
in the MC68B01 Condition Code register has been cleared, a 
prioriy vectored interrupt will occur corresponding to the flag 
bit(s) set. A description for each bit follows: 


7 6 5 4 3 2 1 0 
time [or [oer Fror[ ee Jeoc-[erofie[oin] zw 
Control 


and Status Register 
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Bit0 OLVL Output Level — This value is clockedtothe outpul 

level register on an output compare. Ifthe DDR for 
Port 2 bit 1 is set, the value will appear on the 
L 


output pin. 

Bit 1 IEDG Input Edge — This bit controls which transition of 
an input will trigger a transfer ofthe counter tothe 
input capture register. The DDR for Port 2 Bit O 
must be clear for this function to operate. 
IEDG = 0 Transfer takes place on anegalive (high- 
to-low transition). 

IEDG = 1 Transfer takes place on a positive edge 
(low-to-high transition). 

Bit 2 ETOI Enable Timer Overflow Interrupt — When set, this 
bit enables IRQ2 to occur on the internal bus fora 
TOF interrupt: when clear the interrupt is 
inhibited. 

Bit 3 EOCI Enable Output Compare Interrupt — When set, 
this bit enables IRQ2 to appear on the internal bus 
tor an input capture interrupt: when clear the 
interrupt is inhibited. 


SERIAL COMMUNICATIONS INTERFACE 


The MC6801 contains a full-duplex asynchronous serial 
communications interface (SCI) on board. Two serial data 
tormats (standard mark/space (NRZ) or Bi-phase) are provided 
at several different data rates. The controller comprises a 
transmitter and a receiver which operate independentiy oreach 
other but in the same data format and at the same dala rate. 
Both transmitter and receiver communicate with Ihe MPU via 
the data bus and with the outside world via pins 2, 3. and 4 of 
Port 2. The hardware. software. and registers are explained in 
the following paragraphs. 


Wake-Up Feature 
In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
; byte(s) of the message. In order to permit non-selected MPU's 
ji to ignore the remainder of the message, a wake-up feature is 
} included whereby all further interrupt processing may be 
: optionally inhibited until the beginning ol the next message 
ı When the next message appears, Ihe hardware re-enables (or 
"wakes-up”) the for the next message. The "wake-up” is 
automatically triggered by a string often consecutive Y’'swhich 
indıcates an idte transmit line. The software protocol must 
provide for Ihe short idle period between any two consecutive 
messages. 
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Bit 4 EICI Enable Input Capture Interrupt — When set, this 
bit enables IRQ2 to occur on theinternal bus foran 
input capture interrupt; when clear the interrupt 
is inhibited. 

Bit 5 TOF Timer Overflow Flag — This read-only bit is 
set when the counter contains $0000 It is 
cieared by a read of the TCSA (wilh TOF set) 
tollowed by an MPU read of the Counter ($09). 

Bit 6 OCF Output Compare Flag — This read-oniy bit is 
set when a match is found between the output 
compare register and the free running counter. It 
is cleared by a read of the TCSA (with OCF set) 
followed by an MPU write to the output compare 
register ($OB or $0C). 

Bit 7 ICF Input Capture Flag — This read-only status bit is 
sei by a proper transition on the input to the edge 
detect unit: itisclearedby areadofthe TCSA (with 
ICF set) followed by an MPU read of the Input 
Capture Register ($0D). 


Programmable Opllons 

The following features of the MC6801 serial I/O section are 
programmable: 

® format — standard mark/space (NRZ) or Bi-phase 

® clock — external or internal ‚ 

© baud rate — one of 4 per given MPU @2 clock frequency or 
external clock X8 input 

® wake-up feature — enabled or disabled 

® interrupt requests — enabled or masked individually for 
transmitter and receiver data registers 

® clock output — internal clock enabled or disabled to Port2 
(Bit 2) 

® Port 2 (bits 3 and 4) — dedicated or not dedicated Io serial 
VO individuatty for transmitler and receiver. 
$Serlal Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 23. The registers include: 

® an 8-bit control and status register 

« a 4-bit rate and mode control register (write only) 

® an 8-bit read only receive data register and 

* an 8-bil write only transmit data register. 

In addition to the four registers. the serial I/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) or Port 2.Bit2 of Port 
2 is utilized it the internal-clock-out or external-clock-in 
options are selected. 


MC6801 


FIGURE 23 — SERIAL 1/0 REGISTERS 


CONTROL AND STATUS REGISTER $0011. READ/WRITE 
EXCEPT "*" (AEAD ONLY) 


7 6 5 4 3 2 1 (e) 
posorre] rose ac ae Ine Tre Tw] 
RATE AND MODE REGISTER $0010, WRITE ONLY 


EIENESEZEICIEIEZ 


RECEIVE DATA REGISTER, $0012, READ ONLY 


PORT2 BIT3 St (NOT USER ADDRESSABLE) 
Kr] RECEIVE DATA SHIFT REGISTER 


PORT2 BIT2 


[e2 ] EXT CLK IN/INT CLK OUT 


POAT2 BIT4 {NOT USER ADDRESSABLE) 


TRANSMIT DATA SHIFT REGISTER 


TRANSMIT DATA REGISTER $0013, WRITE ONLY 


Transmit/Receive Control and Status (TACS) Register 

The TACS register consists of an 8-bit register of which all 8 
bits may be read while only bits 0-4 may be written. Theregısier 
is initialized t0 $20 on RESET. Thebits in the TACS register are 
defined as follows: 


7 6 5 4 3 2 1 [e) 
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Bit0O WU "Wake-up” on Next Message — set by MC6801 Bit 5 TDRETransmit Data Register Empty — set by hardware 
software cieared by hardware on receipt of when a transfer is made from the transmit data 
ten consecutive 1's. register to the output shift register. The TDRE bit 

Bit1 TE Transmit Enable — set by MC6801.’MC68701 to is cleared by reading the status register. then 
produge preamble of nine consecutive 1's and to writing a new byte into the transmit data register, 
enable gating of transmitter output to Port 2, bit 4 TDRE is initialized to 1 by RESET. 
regardiess of the DDR value corresponding to Bit6 ORFEOver-Run-Framing Error — set by hardware when 
this bit; when clear. serial 1’O has no elfect on Port an overrun or framing error occurs (receive only). 
2bit4. An overrun is defined as a new byte received with 

Bıt 2 TIE Transmit Interrupt Enable — when set. will permit last byte still in Data Register/Buffer. A framing 
an IRQ2 interrupt to occur when bit 5 (TDRE) is error has occurred when the byte boundaries in bit 
set; when clear. ine TDRE value is masked from stream are not synchronized to bit counter. The 
the bus. ORFE bit is cleared by reading the status register. 

Bit3 RE Receiver Enable — when set. gates Port 2 bit 3 then reading the Receive Data Register, or by 
to input of receiver regardless of DDR value for RESET. 
thıs bit: when clear. serial I/O has no effect on Port Bit 7 RDAF Receiver Data Register Full — Set by hardware 
2 bit 3. when a transfer from the input shift register to the 

Bit4 RIE Receiver Interrpt Enable — when set. will permit receiver data register is made. The RDRF bit is 


an IRQ2 interrupt 1o occur when bit 7 (RDRF) or bit 
6 (OR) is set: when clear. the interrupt is masked. 


Asie and Mode Control Regisier 
The Rate and Mode Control register controls the following 


serial 1-O variables: 
« Baud rate 
« format 
® clocking source. and 


cleared by reading the status register. then 
reading the Receive Data Register, or by RESET. 


® Port 2 bil 2 confıguralion 

The regıster consists of 4 bıts all of which are write-only and 
clieared on RESET. The 4 bits in Ihe register may beconsidered 
as a pair of 2-bit helds. Thetwo low order bıts controlthe bit rate 
tor ınternal clocking and the remaıning two bits control the 
format and clock select logic. The register definition is as 
follows‘ 


7 6 5 4 3 2 1 0 
ESEBEBEBESESEBER TOT 


BO SO Speed Select — These bıts select ine Baud rale lor 

61 51 Ine ınternal clock. The four rates which may be 

selected are a function of the MPU &2 clock fre- 
quency. Table 4 lists Ihe available Baud rates. 

Bn2 CCo Clock Control and Formal Select — Inis 2-bıl held 

h B1 3 CC1 controls the format and clock select logic. Table $ 


defines Ihe bit field. 
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TABLE 4 — SCI INTERNAL BAUD RATES 


TABLE 5 — BIT FIELD 


NAZ Internal Not Used 


NRZ Internal Output® Serial Input 


NRZ Externat Input Serial Input 


"Clock output is available regardless of values for bits RE and 
TE. 

**Bit J is used for serial input it RE = "1" in TACS. bit 4 is used for 
serial output it TE = "1" in TRCS. 


at mid-bit. 
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1.0 MHz 1.2288 MHz 0.6144 MHz 
$#= 16 62.5kK Bits’s 76.8k Bils/s 38.4k Bils/s 
#2 + 128 |7.812,5 Bits’s | 9,600 Bitsis | 4.800 Bits,s 
92 + 1024 976.6 Bitsıs } 1,200 Bitsis 600 Bits/s 


&2 + 4096 244.1 Bits s 300 Bitsis 150 Bits.s 


Serial Output 


Serial Output 


Internally Generated Clock Externally Genersied Clock 
It the user wishes for the serial I/O to furnish a clock. the lol- If the user wishes 10 provide an external clock for the serial 
lowing requirements are applıcable YO, the following requiremenis are applicable: 
the values of RE and TE are immaterial. ® the CC1. CCO, field inthe Rate and Mode Control Register 
* the values of RE and TE are immateriat must be set to 11. 
« CC1. CCO must be set to 10 © the external clock must be set to 8 times (XB) the desired 
® the maxımum clock rate wıll be & + 16 baud rate and 
® theclock willbeat 1Xthebilrateandwıllhavearisingedge © the maxımum external clock frequency is 1.3 MHZ. 
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SERIAL OPERATIONS 
The serial IO hardware should be inilialized by Ihe MC6801 
software prior to operation. This sequence will normally consist ol: 


® writing the desired operation control bits to the Rate and 
Mode Control Regıster and 

® writing the desired operational control bitsinihe Transmit 
Receive Control and Status Register. 

The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 

Tranamit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Conirol and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value for Port 2. Bit 4 

Following a RESET. the user should configure both the Rate 
and Mode Control Register and the Transmit/Receiver Control 
and Status Register for desired operation. Setting the TE bıt 
during tnis procedure initiates the serial output by first 
transmitting a ten-bil preamble of 1's. Following the preamble. 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of Iwo siluations exist: 

a) if the Transmit Data Aegister is empty (TDRE = 1). a 
continuous string of ones will be sent indicating an idle line. or 

b) it data has been loaded into the Transmit Data Aegister 
(TDRE = 0). the word is transtferred to Ihe output shift register 
and transmission of the data word will begin. 

Ouring the transfer itself, the O start bit is first transmitted 
Then tne 8 data bits (beginning with bit 0) followed by the stop 
bit. are transmitted. When the Transmitter Data Register has 
been emptied. the hardware sets the TDRE flag bit. 

H#ihe MC6801 fails to respond to the lag within the proper time. 
{TDRE is still sel when the next normal transfer rom the parallel data 
register lo the serial output register should occur) then a 1 will be 
sent (instead of a 0) at "Start" bit time. followed by more 1's until 
more data is supplied to tne data register. No O's will be sent while 
TORE remains a 1. 

The Bi-phase mode operates as described above except that 
the serial output toggles each bit time, and on 1/2 bıt times 
when a 1 is sent. 


Rsceive Operation 

The receive operation is enabled by the RE bit which gates in 
the serial input through Port 2 Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the standard, non-Bi-phase mode. 
the received bit stream is synchronized by Ihe lirst O (space) 
encountered. 

The approximate center of each bit lime is strobed during the 
next 10 bils. If the tenth bit is not a 1 (stop bit) a framingerror is 
assumed. and bit ORFE is set. Il the tenth bil is a 1. the data is 
transierred to the Receiver Data Register. and interrupt flag 
RDRF is set. MH ADAF is still set atthe next tenth bit time. ORFE 
will be set, indicating an over-run has occurred. When the 
MC6801 responds to either flag (RDAF or ÖRFE) by reading the 
status register followed by reading the Data Register, RDRF (or 
ORFE) will be cleared. 
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RAM CONTROL REGISTER 

Thıs register. which ıs addressed at S0014. gıves status informa- 
tton about the standby RAM AO ın the RAM enable bil (RAM E) will 
dısable the standby RAM. Ihereby protecting it at power down if Vec 
ıs held greater Ihan Vsae volts. as explained previously in the signal 
description for Ve:c Standby. 


Bit O Not Used. 

Bit 1 Not Used. 

Bit 2 Not used 

Bit 3 Not used. 

Bit 4 Not used 

Bit 5 Not used 

Bit 6 The RAM ENABLE control bit allows {he user the 
abitıty to disable the standby RAM. This bıt is set 
to alogıc "one" byresetwhich enablesthe standby 
RAM and can be written to one or zero under 
program conıirol. When the RAM is disabled. logic 
"zero". data is read from external memory. 

Bıt 7 Tne STANDBY BIT of the control register. $0014, 


is cleared when the standby vollage is removed. 
Tnıs bit is a read. wrıte status flag thaltheuser can 
read whıch indicates that Ihe standby RAM voltage 
has been applied. and the data in the standby RAM 
ıs vahd. 


| 


MC6801 


FIGURE 24 — MEMORY MAP 


The MC6801 provides up to 65k bytes ol memory lor program 
andior dala storage. The memory map is shown in Fıgure 24 


e—  ———— SPECIAL 
SO ij PURPOSE 
PERBB | ! REGISTER 

Pe———————— 

Pe —— 
$0020 1 EXTERNAL 

r u an en RAM OR WO 

1 \ 

m 
$007Fı n 

m 
$0080! | 

1 


INTERNAL RAM 


sono, EXTERNAL RAM 
! ! OR /O FOR 
ı h NON-MULTIPLEXED 
sorrr! f MODE 
$02001 ' 
m —— 
H 1 
! 1 
' 1 
1 i 
1 \ EXTERNAL RAM 
| ! OR ROM OR VO 
| 1 
ı 1 
| 
IH ————— 
SFTFFI H 
HH 
$SFB00! H 


1 
INTERNAL ROM 
OR EROM 


| 
| 


Locations $0020 through $007F access external RAM or I.O. 
Internai RAM is accessed at $00B0 through $00FF. The RAM 
may be alternately selected by mask programming at location 
$AOBO. However, if the user desires to access external RAM at 
those locations he may do so by clearing the AAM ENABLE 
control bit of Ihe RAM Control Register. Inthis way an extra 128 
bytes of external RAM are available. Thefirst64 bytes ofthe 128 
bytes of on-chip AAM are provided with a separate power 
supply. This will maintain the 64 bytes of RAM in the power 
down mode as explained in the pindescription for Vec Standby 

Locations $0100 through $O1FF are available inthe Expanded 
Non-Multiplexed Mode. The eight address lines of Port 4 make 
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TABLE 6 — SPECIAL REGISTERS 


The first 32 bytes are for the special purpose registers as shown 
in Table 6. 


Hex Address Register 


00 Data Direction 1 

0 Data Direction 2 

02 VO Port 1 

03 VO Port 2 

04 Data Direction 93 

05 Data Direction 4 

06 VO Port 3 

07 VO Port 4 

08 TCSA 

09 Counter High Byte 

DA Counter Low Byte 

0B Output Compare High Byte 
0C Output Compare Low Byte 
0D Input Capture High Byte 
0E Input Capture Low Byte 
of WO Port 3 G/S Register 

10 Serial Rate and Mode Register 
11 Seriat Control and Status Register 
12 Serial Aeceiver Data Register 
13 Serial Transmit Data Aegister 
14 RAM/EROM Control Regıster 


15-1F Reserved 


FIGURE 25 — MEMORY MAP FOR INTERRUPT VECTORS 


Vector 
MS LS 
Aestart 
Non-Maskable Interrupt 
Software Interrupt 
IRQ Anterrupt Strobe 3 


Description 


Highesi Priority 


IAQ2’Timer Input Capture 
IRQ2/Timer Output Compare 
IRQ2 Timer Overflow 
1RQ2’Seriat I1'O Interrupt 


Lowest Priority 


this 256 word expandability possible. Those not needed for address 
lines can be used as input lines instead. 

The full range of addresses available to the user is in the 
Expanded Multiplexed Mode. Locations $0200 through $F7FF 
can be used as external RAM, external ROM. or I’O. Any higher 
order bits not required tor addressing can be used as I'O as in the 
Expanded Non-Multiplexed Mode. 

The internal ROM is located at $F800 through $FFFF. The 
decoder tor Ihe ROM may be mask programmed on A12. and 
A13 as zeros or one's to provide for $C800. $D800. $E800 for the 
ROM address. A12 and A13 may also be don't care in this 
decoder. The primary address for the ROM will be $F800. 
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GENERAL DESCRIPTION OF 
INSTRUCTION SET 


The MC6801 is upward object code compatible wilh the 
MC6800 as it implements the full M6800 instruction set. The 
execution times of key instructions have been reduced to 
increase throughput. In addition, new instructions have been 
added: these include 16-bil operations and ahardware multiply. 

Inciuded in the instruction set section are the following: 


MPU Programmıng Model (Fıgure 26) 

Addressıng modes 

Accumulator and memory instructions — Table 7 

New instructions 

Index register and stack manipulations — Table 8 

Jump and branch instructions — Table 9 

Special operalions — Figure 27 

Condition code register manipulation instructions — 
Table 10 

® Instruction Execution times in machine cycles — Table 11 
e Summary of cycle by cycle operation — Table 12 


MPU PROGRAMMING MODEL 

The programming model for the MC6801 is shown in Figure 26. 
The double (D) accumulator is physically Ihe same as the A Ac- 
cumulator concatenated wilh the B Accumulator so Ihat any opera- 
tion using accumulator D will destroy information in A and B. 


FIGURE 26 — MCU PROGRAMMING MODEL 


ACCB Accumulator B 
1 Ö 
ACCD Accumulator D 


15 Ö 
15 


15 


} 


Stack Pointer 


Condition Code 
Register 


Overtiow 
Zero 
Negative 
Interrupt Mask 
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Carry (from bit 7) 


Halt Carry (from Bıt 3) 


MPU ADDRESSING MODES 


The MC6801 eight-bit mıcrocomputer unit has seven address 
modes that can be used by a programmer, with the addressing 
mode a function of both the type ot instruction and thecoding 
within the instruction. Asummary ofthe addressing modes fora 
particular instruction can be found in Table 11 along with the 
associated instructıon execution time that is given in machine 
cycles. With a clock frequency of 4 MHz, these times would be 
mieroseconds. 

Accumulator (ACCX) Addressing — In accumuiator only 
addressıng. either accumulator Aor accumulator Bis specilied. 
These are one-byte instructions. 

Immediate Addressing -- In immediate addressing, Ihe 
operand is contained in the second byte of the instruction 
exceptLDS and LDX which have the operand inthesecond and 
third bytes of the instruction. The MCU addresses this localion 
when it tetches the immediate instruction for execution. These 
are two Or three-byte ınstructions. 

Direci Addressing — In direct addressing. the address ofthe 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user lo directly address the Iowest 
256 bytes in Ihe machine i.e., tocations zero through 255. 
Enhanced execution times are achieved by storing datainthese 
locations. in most configurations. it should bea random access 
memory. These are two-byte instructions. 

Extended Addreseing — In extended addressing. Iheaddress 
contained in Ihe second byte of the ınstruction is used as the 
higher eight-bits of the address oftheoperand. Thethirdbyteof 
the instruction is used as the lower eight-bits of the address for 
the operand. This is an absolute address in memory. These are 
three-byte instructions 

Indexed Addressing -- In indexed addressing. the address 
contained in the second byte ol the instruction is added to the 
index register's lowest eight bits in the MCU. The carry isthen 
added to Ihe higher order eight bits of Ihe index register. This 
result ıs Ihen used to address memory. The modified address is 
held in atemporary address register sothereisnochangetothe 
index regısier. These are two-byte instructions. 

Implied Addressing — In the implied addressing mode the 
instruction gives the address (1.e.. stack pointer. index register. 
etc ) These are one-byte instructions. 

Relative Addressing -- In relative addressing. the address 
contained in the second byte ol the instruction is added to the 
program counter's lowest eight bils plus Iwo. The carry or 
borrow is then added to the high eignt bits. This allows the user 
to address data within a range of -125 to +129 bytes of the 
present instruction. These are two-byte instructions 


MC6801 


TABLE 7—-ACCUMULATOR & MEMORY INSTRUCTIONS 


ACCUMULATOR ÄND ADDRESSING MODES 
ME 


MORY Po DIRECT INDEX EXTEND INHERENT s 4 327169 
PIPPI DPI PotenanmnOmanth LITE TZ TFTE 
[nor Tosfefefsnfsizlsfetzbufefsl T Hasmea He L ELITE 

iss eReB RBB BjeBBET Boss —FLISIELE 
ea re [ef pa elekle el] esse tele bi 
[Ada accmuimers | aBA | | Sun ED LEE EHE EEREEE] 
Zee [me mfsfeafsfefafelelefetst T-Tasmsesa tt THLtIEN 


[ cs _ Tesfzfzfosfz[esfe Tzlesle[s[ T Tfe-mcme 2 I,1. Tl: Tele] 
tens = Teelz fa] Tojz afelz eafe ja E11 ame Pt [gel else] 


Bit Test 


Compare Hr — 

BOEBAGEE HHNH 
ee HEN 
Accumulators 


Complement. 1's ana 
as+n 


[Somsiemenı 2 | nes | [1 | be ER 
ea TS HH Eee ee it Hele 


BER te 
en GE en bınary add of zZ 
Adjust. A characlers ınio en tormat 


Deciemeni BELGSGGN BEE 


Exclusive OR on eleebfekeeklaleßt LIT nos —EH-TiF Het: 
| _ core _ [cafe Tztoal> | rel s| | || eom-s 1-1. Tr [rlaleı 


erreiche Hs 
HH ee HT H@L 


[mee | [IT III TI TIbeßbl re | (tltlol- 
Load 
Sn a Tabelebblekhlel FIT u eLeIl el. 
KIERTL 
se en TERRERMERRLENT = I-EHEET: 
Accumulator LDAD cc OC rc MA M+1—B 


The Condition Code Register notes are Iısted after Table 10. (Continued} 
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TABLE 7 — Continued 


ADDRESSING MODES 
IMMED. DIRECT INDEX EXTEND INHERENT 


loan’ 
Se, ok STREITEN RER 


ensnumme [ un Legt emae 1-1: 1: 1.1 @ 
OR ndusve Pfelafe lea] II I am Te Tr tele.) 
Es Peek lebel fefelelesbrs TI nenn Tele tree 

at HH HI Pept ee Tele fe le 
rbl-fezmssee 1. 1.1.1272] 

aaa naar Ten nmran 
ee III IF leleffsesmermoe [et 1. 1.1. 1.| 


SHE ee AGRRR= BTsteenn 
O-um 


en AND 
MEM 


BELLE ESENEBEICEEI 
Dee It Ierekble 
er VE lalolefefrelehel [22] h cm [1 tllelt 

8 


El CE ER ER EEE DER ER DE EN IE EN 
[more | IT I IP I TI] T Ist fr 


Rotste Rıght 


Spilt Lei 
Arıthmetic 


BOEEEEE 
se | 11 BOEEEIEREN 


Double Shift 
Lefi. Arithmetic 
Shitt Aıght 
Arıthmetic 


Shit Rıght 
Logıcal 


BER BE DE EB RER ER EI CI CH EB . ÜCHSEEIENEENI-EE 
ETIEIEEBEREEBESBRRDEME 


Double Shift 0 ACER Ace]. ! © 
Logicat LSRD AT AO B7 BO 6 
BESEEEOESSEEIEHEINICEO 


[sta | [3 [2 [a7 fe [2 Je7] [8714] 


nu [> [2 jer [« 12 [er] tie [el 
ee Ef 
Accumulator 
| __ ser-tertrlorrtenetehe Er 
Be au k 30.130 DU UHNEEERLERTEEIER 


[Ooubte Supwact | [ suB0 | 5 Pf Bfete]>] | A [ re mmı—an | MM+1—AB HH 


Subtract 
With Carry SBCA A-M-CeA 


[see BREITEN EEE] 
Accumulators 


Tne Be Code Regıster notes are listed after Table 10. 
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MC6801 


ADDED INSTRUCTIONS 


In addition to the existing M6800 Instruction Set, the 
tollowing new instructions are incorporaled in the MC6801 
Microcomputer. 


Adds the 8-bit unsigned accumulator B 10 the 16-bit X-Register taking into account Ihe 
possible carry out of the low order byte of the X-Register. 

Adds the double precision ACCD" to the double precision value M:M+1 and places the 
results in ACCD. 


the result in ACCD. 
"ACCDisthe 16bilregister (A:B) formed by concatenating Ihe Aand 
B accumulators. The A-accumulator is the most significant byte. 


Compare index Reg 
Decrement Index Reg 
Decrement Stack Pnır 


x-1-X 


SP-1-SP 
Increment Index Aleg XIX 
Incremen! Stack Pnir tSP», 1-5SP 


Load Index Reg 

Load Stack Pntr 

Store Index Reg 

Siore Stack Pnir 

Index Reg — Stack Pntr 
Sack Pants -+"Index Reg 
Add 

Push Data 


MX MEN, 
M=SP.(M + 1) SP, 
K—=MM-M- 1} 
SP.-M.SP—(M« 


Pul Data 


The Condition Code Register notes are listed alter Table 10. 
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XK--1X + ACCB 


ACCD = (ACCD) + (M:M+1) 


ASLD Shifts all bits ot ACCAB one place to Ihe left. Bit 0 is loaded with zero. The C bit is loaded 
from the most significant bit of ACCD. 

LDD Loads the contents of double precision memory localion into the double accumulator A:B. ACCD = (M:M+1) 
The condition codes are set according to the data. 

LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit is loaded 
from the least sıgnificant bit 10 ACCD. 

MUL Multiplies the 8 bits in accumutator A with the 8 bits in accumulator B to obtain a 16-bit ACCD --ACCA ' ACCB 
unsigned number in A:B. ACCA contains MSB of result. 

PSHX The contents of the index register is pushed onto the slack althe address contained in the JUXxL), SP (SP) - 1 
stack pointer. The stack pointer is decremented by 2. JIXL). SP = (SP) - 1 

PULX The index register is pulled from the stack beginning althe current address contained inthe SP =-(SP) +1; IXH 
stack pointer +1. The stack pointer is ıncremented by 2 in total. SP =- (SP) + 1: IHL 

STD Stores the contents of double accumulalor A:B in memory. The contents of ACCD remain M:!M + 1 = (ACCD) 
unchanged. 

SUBD Subtracts the contents of M:M + 1 from the contents ol double accumulator AB and places ACCAB — (ACCD) - (M:M + 1) 


TABLE 8 — INDEX REGISTER AND STACK MANIPULATION INSTAUCTIONS 


COND. CODE REG. 


“ee e2)222e  ..© 


2.8899: + + +9|z]| 


4 
n 
! 
ı 
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MC6801 


DPERATIONS 


Branch Always 
Branch 11 Carıy Close 
Branch II Carey Ser 
Branch It ° Zero 

Branch It "Zero 

Branch II > Zero 

Branch It Nıgher 

Branch II 1: Zero 

Branch If Lower Or Same 
Branch I < Zero 

Branch If Mınua 

Branch If Nor Equal Zero 
Branch I! Overllow Clear 
Branch II Oveartiow Saı 
Branch II Alın 

Branch To Subrouline 
Jump 

Jump To Subroutine 

No Operation 

Aetuen From Interrupt 
Return From Subroutine 
Soltware Interrupt 

Wan dor Interrupt® 


TABLE 10 — CONDITION CODE REGISTER MANIPULATION INSTAUCTIONS 


OPEAATIONS 


Ciesı Carry 
Clear Intereupt Mask 
Clear Dverliow 


Ser Carıy 

Si Interrupi Mask 

Seı Overllow 
Accumulalor A » CCA 
CCA + Accumulator A 


CORDITIOM CODE REGISTER MOTES: 


1 (Br VI Ten Arsult = 10000000? 
2 BC) Test Arıult * 000000007 


3 (81 C) Test Decımal value ol mont ugnıficant BCO Character greater than nıne? 


{Not clesred ıf premoudy mt ) 
4 {Bit VI Test: Operand * 10000000 prior ta enecution? 
5 {Bu vb Test: Opeand = O11I1111 prior to enaculon? 
6 (Bst Vi Tert Ser equal 10 reaulı ol N@C alter ahifi has occurred 


TABLE 9 — JUMP AND BRANCH INSTAUCTIONS 


ABn1 gar ıt Test ıa Irue and cleared olhermse) 
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19 N) 
(61V) 
(Bu N) 
an) 

(Bl) 


1A) 
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COND. CODE REG. 


BRANCH TEST 


None 
c:0 


nNOv:0 
ZNOVI:0 
c+2:0 
ZNnOveN 
C+zel 
novs! 
nei 


See Special Operations 


Advances Prog Catr Only 


Ser Specısi Operation 


COND. CODE REG 


vs........|n'o 


Test San bt of mont tıgnilcanı (MS) byte ı 1? 

Test 2’ complement overflow ftom subtrachon ol MS byin? 
Tası Result Im than zero? (Bit 15 : 1) 

Load Condition Code Asgıster Irom Stack (Ser Spacul Operanons) 
Sat wien ıntartupt occurs. H prewously sel, a Non-Mashable 
Interrupt ın cequwed 10 ei Ihe vonıt atate 


Sal according 10 Ihe contenıs ol Accumulator A 


(M) MOTOROLA M66802 


Advance Information 


MICROPROCESSOR WITH CLOCK AND RAM 


MOS 


INCHANNEL, SILICON GATE, 
DEPLETION LOAD) 


The MC6802 is a monolithic B-bit microprocessor that contains 
all the registers and accumulators of the present MC6BOO plus an 
internal clock oscillator and driver on the same chip. In addition, 
the MC6802 has 128 bytes of RAM on board located at hex 
addresses 0000 to OO7F. The first 32 bytes of RAM, at hex addresses 
0000 to O01F, may be retained in a Iow power mode by utilizing 
Vcc standby, thus facilitating memory retention during a power- 
down situation. 

The MC6802 is completely software compatible with the 
MC6800 as well as the entire M6800 family of parts. Hence, the 
MC6802 is expandable to 65K words. 


MICROPROCESSOR 
WITH CLOCK AND RAM 


LSUFFIX 
CERAMIC PACKAGE 
On-Chip Clock Circuit CASE 715 
128 x 8 Bit On-Chip RAM 
32 Bytes of RAM Are Retainable 
Software-Compatible with the MC6800 
Expandable to 65K words 
Standard TTL-Compstibie Inputs and Outputs 
8 Bit Word Size 
16 Bit Memory Addressing 


Interrupt Capability 


PSUFFIX 
PLASTIC PACKAGE 
CASE 711.03 


FIGURE 1 — TYPICAL MICROCOMPUTER 
PIN ASSIGNMENT 


Vcc Vcc 


Counter/ MC6846 IRQ 
Tımert/O, AOM. 1/0.TIMER MA 


Asset cso vMAa 


E 


2k Bytn AOM = 
[. 7277 


10 VO Lines 
I Lines Tımer MC6802 
Parallel MPU 


0 00.07 0007 


2 
3 
4 
5 
6 
7 
U) 
9 
0 
1 


un 


AO-A1O, 
Control | cs 


PP 
aenaun 


Figure 1 ıs # block disgram ot a ıypical cost effective microcomputer. The MPU is 
ıhe center of the microc uter system and is shown in a minimum system inter- 
facing with a AOM combi an chip. It is not intended that this system be limited 10 
this function but that it be eupandable with other parts in the M6BOO Microcomputer 
family, 


no 
oo 


This la advance intormation and specifications are subject to change without notice. 
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MC6801L1 


Product Preview 


MICROCOMPUTER EVALUATION CHIP 0S 


FEATURES (N-CHANNEL, SILICON-GATE 
© Three Modes of Operation — Single Chip, Expanded Non-Multiplexed, DEPLETION LOAD) 

and Expanded Multiplexed 

© Internal 2K ROM Programmed with a Debug Monitor Program MICROCOMPUTER 

© Communicates with a Terminal Through the Serial Port EVALUATION CHIP 

DESCRIPTION 

The MC6801L1 is a complete microcomputer on achip and can be opera- 

tional with a minimum of external components. It may be used in either the 

single chip or extended mode. With the Debug Monitor Program the user can 

debug a program under development and evaluate the different I/O con- 

figuration and modes of the MC6801. The 6801 firmware enables the user to: 


Load a Program from Tape © Dump the Program 
Verify That a Program Was Properly Loaded 


Examine and Change Data in a Memory Location 

Punch (Record) the Program on Tape eenalne 

Calculate the Offset for Relative Addressing CASE 715 

Examine and Change Data in the User’s Program Registers and Counter 

Insert, Display, and Remove Breakpoints in the Program 

Free-Run or Trace Through the User's Program 

The firmware uses the serial port on the 6801 to provide input, output 
communications and connect to a tape or digital cassette within the terminal. 
The I/O functions of the firmware are down-loaded into the RAM to enable . 
the user to change these parameters. I " BSUREIK 

The MC6801L1 is used in the MC6801 Microcomputer Evaluation Module. FR PLASTIC PACKAGE 
{See preliminary information on the MEX6801EVM). Case 711 

© Available December 1978 © 


FIGURE 2 — MC6801 
FIGURE 1 — SINGLE-CHIP MICROCOMPUTER BLOCK DIAGRAM 


\ 


Control 


Port 2 Serial 
NO Timers 


Vcc Debug 
Standby Monltor 
Program 


"Rıs is advance information and specifications are subject to change without notice. OMOTOROLA INC... 19786 "NP-95 
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MAXIMUM RATINGS 


This device contsins circuitry t0 protect the 
3 inputs against damage due to high static volt- 
Input Voltage 0.3 t0 +7.0 ages or electric fields; however, it is advised that 
Operating Termperature Range Ta normal precautions be taken 10 void applice- 
tion of any voltege higher then maximum rated 
Storage Ternperature Range -55 10 +150 voltages to this high impedeance circuit. 
[_Tnermai Resistance _ jo | 


Input Hıgh Voltage 


Input Low Voltage 


Input Leakage Current 
(Vin = 0105.25 V, Vec = max) 
Output Hıgh Voltage 
ULoad = -205 wAde, Vec 00.07 
ULoad * -145 uAde, Vec AO-A15. RIW,. VMA, E 
Load * -I00 uAdc, Vec BA 
Output Low Voltage 
(Load = 1.6 mAde, Vec ® mın) 
Power Dissipation 
Capacıtance # 
(Vın = 0. Ta = 25°C, f = 1.0 MHzi 00-07 
Logic Inputs, EX tal 
AQ-A15, R/W, VMA 


Clock Timing 
Cycle Time 
Clock Pulse Wıdth 
(Messured a 24V) 
Fall Tıme 
{Measured between Vs + 0.4 V and Vsg + 2.4 V) 


*Except IRQ and NMI, which require I kN pullup load resıstors for wire-OR capability at Optimum operation. Does not inciude EX tal and 
Xtal, which are crystal ınputs. 
**|n power-down mode, maximum power dissipation is less than 40 mW. 
#Copscıtances are periodically sampled rather Ihan 100% tested. 


READ/WRITE TIMING (Figures 2 through 6; Load Circuit of Figure 4.) 


Address Delay 


Peripherel Read Acceıs Time 
tacc " Wr - [tan + tosalltur " teye - 10) 
Data Setup Time (Read) 


Output Date Hold Time 


Address Hold Time (Address, R/W, VMA) 
Dats Delay Time (Write) 


Processor Controls 
Procemor Control Setup Time 
Processor Control Rise and Fall Time 
(Memsured between 0.8 V and 2.0 V) 
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FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 


N 


From MPU 04 v a N 


2.0v 


Fi Maar EESWEEZZLIEN® 


or Periphersla 


INN Data nor varıı 


FIGURE 3 — WRITE DATA IN MEMORY OR PERIPHERALS 


24V 


eu Bay NS SS 
tan 


III Date Not Valid 


FIGURE 4 — BUS TIMING TEST LOAD 


AL” 22k 


MMD6160 


Tan Point er Bau 
v. 


130 PF tor D0-07, E 

90 OF for AO-A15, A/W, and VMA 
3% PF for BA 

11.7uN for D0.07,E MMO7000 
16.5 112 for AO-A18, A/W, end VMA or Equiv. 
24 xl} for BA 
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FIGURE 5 - TYPICAL DATA BUS OUTPUT DELAY FIGURE 6 - TYPICAL READ/WRITE, VMA, AND 
vera CAPACITIVE LOADING ADDRESS OUTPUT DELAY verms CAPACITIVE LOADING 


600 
ION = -145 aA man E24 V 


104 »-205 A me @ 24 V 


IoL: 16mAmar@ 04V IgL *1.6mAman@ 04V 


Vec "50V SMFvec« 50V 
Ta: 25°C 


DELAY TIME ind 
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BL 1 IT Teisammam anne] 
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FIGURE 7 — MC6802 EXPANDED BLOCK DIAGRAM 
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MPU REGISTERS 


A general block diagram of the MC6802 is shown in 
Figure 7. As shown, the number and configuration of the 
registers are the same as for the MC6800. The 128 x 8 bit 
RAM has been added to the basic MPU. The first 32 bytes 
may be operated in a low power mode via a V. cc standby. 
These 32 bytes can be retained during power-up and 
power-down conditions via the RE signal. 

The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 8). 

Program Counter — The program counter is a two byte 
(16-bits) register that points to the current program 
address. 

Stack Pointer — The stack pointer is a two byte register 
that contains the address of the next available location in 
an external push-down/pop-up stack. This stäack is nor- 
mally a random access Read/Write memory that may have 
any location (address) that is convenient. In those applica- 
tions that require storage of information in the stack 


when power is lost, the stack must be non-volatile. 

Index Register — The index register is a two byte regis- 
ter that is used to store data or a sixteen bit memory 
address for the Indexed mode of memory addressing. 

Accumulators — The MPU contains two 8-bit accumu- 
lators that are used to hold operands and results from an 
arithmetic logic unit (ALU). 

Condition Code Register — The condition code register 
indicates the results of an Arithmetic Logic Unit 
operation: Negative (N), Zero (2), Overflow (V}, Carry 
from bit 7 (C), and half carry from bit 3 (H). These bits of 
the Condition Code Register are used as testable condi- 
tions for the conditional branch instructions. Bit 4 is the 
interrupt mask bit (l). The used bits of the Condition 
Code Register (b6 and b7) are ones. 


Figure 9 shows the order of saving the microprocessor 
status within the stack. 


FIGURE 8 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 


Accumulstor A 


Accumulator B 


Index Register 


Program Counter 


Stack Pointer 


Condition Codes 


Carry (From Bit 7) 
Overflow 

Zero 

Negative 

Interrupt 


Half Carry (From Bit 3) 


(M) MOTOROLA 


Product Preview 


HIGH-PERFORMANCE MICROPROCESSOR 


® MC6800 COMPATIBLE 


© Hardware — Interfaces With All M6800 Peripherals 
e Software — Upward Compatible Instruction Set and 
Addressing Modes 


® HARDWARE FEATURES 


On-Chip Osecillator (MC6809) 4 X fo Clock 

Optional *1 External Clock Inputs (MC6809E) 

MRDY Input Extends Data Access Times for Use 
With Slow Memory 


BREOJTSC Allows Quick Access to Bus for DMA and 
Memory Refresh 

Last Instruction Cycle Output for Identification of 
Opcode Fetch (MC6BO9E) 

Fast Interrupt Request Input Stacks Only Program Counter 
and Condition Code 

Interrupt Acknowledge Output Allows Vectoring by Device 

® Busy Output Eases Multiprocessor Design (MC6809E) 


ARCHITECTURAL FEATURES 

® Two 8-Bit Accumulators Can Be Concatenated to Form 
One 16-Bit Accumulator 

© Two 16-Bit Index Registers 

® Two 16-Bit Indexable Stack Pointers 


® Direct Page Register Allows Direct Addressing 
Throughout Memory Space 


INSTRUCTION SET 
Extended Range Branches 
16-Bit Arithmetic 


Push/Pull Any Register or Set of Registers 
To/From Either Stack 


8X 8 Unsigned Multiply 
Transfer/Exchange Any Two Registers of Equal Size 


Enhanced Pointer Register Manipulation 


® ADDRESSING MODES 


e AI MC6800 Modes, Plus PC Relative, Extended Indirect, 
Indexed Indirect, and PC Relative Indirect 

® Direct Addressing Available for All Memory Access 
Instructions 

® Index Mode Options Include Accumulator or Up to 16-Bit 
Constant Offset, and Auto-Increment/Decrement 
(by 1 or 2) With Any of the Four Pointer Registers 


This is advance information and specifications ara subject to change without notice. 
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FIGURE 1 — BLOCK DIAGRAMS 
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PSUFFIX 
PLASTIC PACKAGE 


CASE 711.03 


NOTES: 


1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 


EACH OTHER. 


WHEN FORMED PARALLEL. 
3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 


MILLIMETERS INCHES 
DIM| MIN | MAX 


51.69 


0.540] 0.560 
0.155 | 0.200 
SEATING — —M 0.014 | 0.022 


PLANE 1.02 | 1.52 | 0.040 | 0.060 
2.54 BSC 0.100 BSC 


A 
[} 
c 
D 
[3 


15,24 BSC 


G 
M 
em 
K 
L 
M 
N 


LSUFFIX 
CERAMIC PACKAGE 
CASE 71502 


50.29 | 51.31 2.020 
14.86 | 15. ds len: 
C| 254 0.100 | 0.165 
[0.021 | NOTE: 
i 1. LEADS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) DIA (AT SEATING 


PLANE), AT MAX. MAT'L 
CONDITION. 
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2. DIMENSION L TO CENTER OF LEADS 


4. 711.02 OBSOLETE, NEW STANDARD 711.03. 
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M6809 FEATURES 

The MC6809 is an advanced processor within the 
M6800 family offering greater through-put, improved 
byte-efficieney, and increased adaptability to various 
software disciptines. These include position independence, 
reentrancy, recursion, block structuring, and high level 
language generation. It is compatible with all M6800 peri- 
pherals, and is software compatible with the MC6800 at 
source code level. 

This product preview stresses the improvements 
inherent in the MC6809. The basic operation of the MPU 
is similar to the MC6800. 


Hardware Features — Internal Clock MC6809 

For internal clock use, an external crystal is connected 
between Extal and Xtal. A synchronization signal is avail- 
able at the Egut terminal to be used as a system clock. 
This signal operates at the basic processor frequency, and 
is normally connected to the Enable (#2) inputs of M6800 
family peripherals. A Quadrature output (Oout) Provides 
additional system timing by signifying that addresses and 
data are stable as shown in Figure 2. 


FIGURE 2 — MC6809 TIMING SIGNALS 


Start 
ot Addresies 
Cycle Stable 
1/4 


NOTE: Basic Processor Frequency = 1/4 Crystal Frequency 


A Memory Ready (MRDY) input allows extension of 
data access times for use with slow memories. A logic zero 
at this input (when Eout 90es high} causes Eout to remain 
high until MRDY returns high. Stretching is always an 
integral number of quarter bus cycles, and is limited to 
a maximum of ten microseconds. The negative transition 
of QAout is unaffected by MRDY, but further positive 
transitions Of Ogyr are inhibited for the duration of the 
clock stretch. 

A Bus Request (BREQ) input allows fast access to 
the bus for DMA or Memory Refresh. This is a request 
to temporarily suspend MPU operation and take the MPU 
off the MOS bus. The BA line will immediately go high (as 
a result of the trailing edge of E), signifying a Bus Avail- 
able condition, One-half cycle later, the user may place 
the DMA device on the MPU buses. This will eliminate 
bus contentions into DMA. 
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Hardware Features — External Clock MC6809E 

The External Clock mode ofthe MC6809 is particularly 
useful when it is desired to synchronize the processor to 
an externally generated signal. The external clock generator 
provides an output only at the basic MPU frequency, since 
the internal frequency dividers of the MC6809 are not 
used in the external clock mode. Ejn and Q;n signals are 
required with phasing as shown for Eoyr and Oaut, 
respectively. 

A Three-State Control (TSC) input replaces the BREQ 
input of the MC6809, and serves to place the Address 
and RW line in the high-impedance state for DMA or 
Memory Refresh. (The Data Bus is in the high-impedance 
state when Ejn and Qjn are both low.) The Eout and 
Oout terminals are replaced by two status outputs (LIC 
and Busy). 

A last Instruction Cycle output (LIC) is activated 
during the last cycle of any instruction. The first low 
cyle after LIC is high signifies that this processor cycle 
will be an opcode fetch. 

A Processor Busy signal (BUSY) facilitates multi- 
processor applications. This signal is asserted during MPU 
Read-Modify-Write instructions, allowing the designer to 
insure that flags being modified by one processor are not 
accessed by another simultaneousiy. The signal is also 
asserted during execution of double byte instructions 
and when using the Indirect Addressing modes. 


Hardware Features — Either Clock Option 

A Fast Interrupt Request (FIRÖ) is added to the IRG 
and NMI inputs available on the MC6B00. When a logic 
zero is recognized at this input, the MC6809 places only 
the Program Counter and Condition Code Register on the 
stack prior to accessing the FIRQ vector location to 
obtain the starting location of the FIRÜ service routine. 
Either an TRÜ or Non-Maskable Interrupt stacks the 
contents of all registers (sarne as MC6800) prior to vector- 
ing. The three interrupt inputs have separate vector loca- 
tions, and are prioritized (TAQ lowest, FIRQ next, NMI 
highest). 

An Interrupt Acknowledge function (IACK) indicates 
that a vector is being fetched as a result of a Reset, a 
Software Interrupt (SWI, SWI2, or SWI3), or recognition 
of NMI, FIRQ, or IRQ. This function allows the program 
counter to be loaded according to the interrupting device, 
thus providing full vectored interrupt handling. IACK is 
denoted by a logic zero at the Bus Available (BA) output 
in conjunction with a logic one at the Bus Status (BS) 
output. s 

A low level on the Halt input causes the MPU to halt at 
the end of the present instruction. It will remain halted 
indefinitely without loss of data, until the Halt line is 
driven high. When the MPU is halted, the BA and BS 
outputs are driven high to acknowledge the halt, and 
the Address Bus and Data Bus drivers are made high- 
impedance. While halted, the MPU cannot respond to 
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interrupt requests, nor can it be released from reset. 

The MC6809 has the capability of entering an idle 
state under program control via SYNC and CWAI instruc- 
tions. SYNC Acknowledge can be detected via BA and 
BS output states. These two status signals are defined 


in Table 1. 


TABLE 1 —- STATUS SIGNALS 
ET ET heermarooeraen | 


Sync Acknowiedge 
Bus Grant or Halt Acknowledge 


PROGRAMMING MODEL 

The MC6809 adds three registers t0 the complement 
available in the MC6800. These are the Direct Page 
Register, the User Stack Pointer, and a second (Y) Index 
Register (shown in Figure 3). In addition to increasing 


FIGURE 3 - PROGRAMMING MODEL 


Accumulators 


Index 
Registers 


Stack 
Pointers 


Program Counter 


Condition Code 
Register 


Direct Page 
Register 


the number of registers, the MC6809 features much 
greater flexibility of register usage. For example, indexed 
addressing is available using a stack pointer (U or S) as 
the base register in addition to X ör Y, Conversely, the 
Automatic increment/Decrement option of indexed 
instructions allows X and Y to be used as stack pointers 
if desired. 

The enhanced instruction set of the MC6809 also 
increases register uses. Exchanges, as well as transfers, 
between any two similar-width registers are allowed. 
Two’s complement addition of the A, B, or D register (or 
an immediate value) to X, Y, U, or S registers can be 


Specifically, the E-bit controls the Return from Interrupt 


registers are pulled from the Hardware Stack. 
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implemented via the Load Effective Address instruction. 
Any register-or set of registers-may be pushed to (pulled 
from) either stack with a single instruction, 


Accumulators 

The A and B registers are general-purpose accumulators 
used for arithmetic calculators and data manipulation. 
In general, the two registers are identical, altthough some 
special purpose instructions apply to One register alone. 

Certain instructions concatenate the A and B registers 
to form a single 16-bit accumultor. This is referred to as 
the D register, and is formed with the A register as the 
Most Significant Byte. 


Direct Page Register 

The Direct Page Register of the MC6809 serves to 
enhance the Direct Addressing Mode. The contents of 
this register appear at the higher order address outputs 
{AB-A15) during direct addressing instruction execution. 
This allows the Direct Page to be located at any place 
in mernory under program control. All bits of this register 
are cleared during Processor Reset. This insures 6800 
compatibility. 


Condition Code Register 

The Condition Code Register is the storage area for 
processor flags. Bits ® through 5 are identical to the 
MC6800. CCR--Bits 6 and 7 are used for FIRQ handling. 


B1 80 
E F H j N zZ v c 
5 | l= Carry 
Overflow 
Zero 


Negative 
IRQ Mask 
Half-Carry 
FIRO Mask 
Entire Flag 


(RT) instruction to insure that the proper number of 


Index Registers 

The Index Registers are used in indexed mode address- 
ing. They provide a 16-bit address to be added to an 
optional offset (of up to 16 bits) to form the effective 
address of the instruction. The X and Y registers are 
essentially equivalent in usage and support the same 
instructions. Either index register is capable of performing 
the same function as the MC6800 index register, but can 
also support many additional modes of operation. 


Stack Pointers 

The Hardware Stack Pointer (S) is used by the pro- 
cessor to automatically store machine states during 
subroutines and interrupts in a manner similar to that of 
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the MC6800. A User Stack Pointer {U) is also provided 
to be controlled exclusively by the program-thus 
allowing arguments to be passed to and from subroutines 
with ease. 

Both U and $ have the same indexed-mode addressing 
capabilities as the X and Y registers. This allows the 
MC6809 to be used efficiently as a stack processor-— 
greatly enhancing its ability to support higher level 
languages. To facilitäte use of the stack pointers in index- 
ing mode addressing, the registers always point to the last 
byte placed on the stack. (The MC6800 stack pointer 
points to the location in which the next byte will be 
stored.) 


Program Counter 

The PC is used by the processor to point to the next 
instruction to be executed by the processor. Program 
Counter Relative addressing is allowed on the MC6809, 
effectively allowing the PC register to be used as an index 
register. This allows Position Independent Code to be 
written with greater ease than with other B-bit processors. 


ADDRESSING MODES 

The MC6809 retains the Addressing modes available 
with the MC6800, and adds long relative branches, 16 
variations of indexed addressing, program counter relative 
and extended indirect addressing. 

The enhancements to indexed addressing include auto 
(post) increment, auto (pre) decrement, indexing with 
0O-, 5-, 8-, or 16-bit two’s complement offsets, and indexing 
with an accumulator as an offset. Also, any of these modes 
may have one additional level of indirection applied. 
Any of the four index registers (X, Y, U, or S) may be 
used as the base register for the indexed addressing modes. 


Inherent, Accumulator, Immediate, Direct, Extended 

These modes are effectively the same as those available 
with the MC6800. (The Direct Mode utilizes the DPR to 
form the most significant address byte as explained 
previously.) 


Indexed 

The Indexed Mode of addressing has several options 
which are selected by the byte following the opcode 
(postbyte). Bits 5 and 6 of this postbyte are always used 
to select the pointer register (X, Y, U, or S). Other 
options are: 

Zero Offset — This option allows selection of Auto 
Increment/Decrement by one or two bits. It is a minimum 
two-byte instruction (opcode + postbyte). 

* Constant Offset, +4 Bits — This option uses Bit 4 of 
the postbyte as a sign bit and Bits ® through 3 as a con- 
stant offset. It is aminimum two-byte instruction. 

Constant Offset, +7 Bits — This option designates the 
byte after the postbyte as a two’s complement offset. 
It is a minimum three-byte instruction (opcode + post- 
byte + offset). 
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Constant Offset, #15 Bits — This option designates the 
two bytes following the postbyte as a two‘s complement 
offset. it is a minimum four-byte instruction (opcode + 
postbyte + two-byte offset). 

Accumulator Offset — This option designates the A, B, 
or D register as a two’s complement offset. It is a mini- 
mum two-byte instruction. 

In all cases, the offset is temporarily added to the 
contents of the selected pointer register to form an 
effective address. 


Indexed Indirect 

Except for the +4-Bit Constant Offset and the Auto 
Increment/Decrement by one, all indexed addressing 
modes may be used with an additional level of indirec- 
tion, Thus, the address formed by adding the offset to the 
selected pointer register designates a location containing 
the effective address of the operand data. Bit 4 of the 
postbyte is used to select the Indexed Indirect mode. 
(Note that this bit is used as a sign bit in the +4-bit con- 
stant offset mode.) The number of bytes for a given 
instruction is the same for either Indexed or Indexed 
Indirect addressing modes. 


Relative 

Relative addressing involves adding a signed constant 
to the contents of the program counter. When used in 
conjunction with a Branch Instruction. this sum becomes 
the new Program Counter content if the branch is taken. 
(If the branch is not taken, the PC advances to the next 
instruction.) 

Relative addressing differs from that contained in the 
MC6800 due to two important additions. The first of 
these is that the offset (signed constant) can be either 
+7 bits or #15 bits in length. This allows the program 
to branch to any location in the memory field. 

The second important addition to the Relative mode 
is that it no longer is limited to branch instructions. 
An Effective Address-which retains the position- 
independent nature of relative addressing-may be formed 
by adding a +7-bit or +15-bit offset to the program 
counter. This is, in effect, an Indexed Addressing mode 
with one of two specific postbytes. (The optional post- 
bytes allow selection of #7 or +15-bit offset.) Examples 
of its use would be: 


2015 LDA -$IFDA,PCR 2018 LDA $413B,PCR 
2015 OPCODE 2018 [A6] orcone 
2016 POSTBYTE 2019 |8D] POSTBYTE 
2017 OFFSET 201A [21] OFFSET (mse) 
2018 NEXTINST 2018 |[iF| OFFSET (LsB) 

201C L_ NEXTINST 
IFDA U) DATA 4138 [_) DATA 


Note that the offset is added to the new value of the 
program counter, i.e., the location of the next instruction. 
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Relative Indirect 
This addressing mode is, in effect, Indexed Indirect 
with the Program Counter used as an index register. One 
or two bytes (optional) following the postbyte are used 
to provide a +7 byte or +15 bit offset. This signed num- 
ber is added to the contents of the program counter, 
forming a pointer to consecutive locations in memory 
which contain the new effective address. Examples are: 


2015 LDA [$1FDA,PCA) 2018 LDA [$4138,PCA] 
2015 OPCODE 2018 [ABl OPCOoDE 
2016 POSTBYTE 2019 [6] POSTBYTE 
2017 [C2) OFrset 201A OFFSET (MSB) 
2018 [_] NEXT InsT 2018 [IF] OFFSET 
re 
ıFDB BOJJEA 03 

®& 413C [00] } EA 


0100 DATA 
= 030 [I DATA 


Extended Indirect 

This addressing mode is actually another option of 
Indexed Indirect Addressing. In this case, the two bytes 
following the postbyte are used as a pointer to con- 
secutive locations in memory which contain the new 
effective address. An example is: 


201C [$C200] 
201C OPCODE 
201D POSTBYTE 
201E 

201F POINTER 
2020 NEXT INST 
c200 NEW 

c201 EA 

0080 DATA 


Absolute Indirect 

This mode is exclusively used for Restart and Interrupt 
vectoring. Servicing of these conditions involves fetching 
the contents of an exact location in memory to be loaded 
into the Program Counter. 


Instruction Set 

A complete listing of the Executable instructions is 
contained in Tables 2 through 6. Some of the more 
unique instructions include Load Effective Address, 
Synchronization with Interrupt, and Exchange Registers. 
These, along with others not available on the MC6800, 
are detailed in the following paragraphs. 

Load Effective Address — Besides its obvious use, this 
instruction represents a convenient means of modifying 
any of the pointer (X, Y, S, or U) registers. The processor 
forms an Effective Address as dictated by the addressing 
mode, then loads this value into the designated register 
rather than outputting the data on the address lines. As 
an example, LEAX A,X will add the signed number con- 
tained in the A register to the contents of the X register, 
then place this result into the X register. 
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Synehronize with Interrupt — This instruction causes 
processing to discontinue until an Interrupt Input (NMI, 
IRQ, or FIRO) is activated. When an interrupt occurs, the 
Processor services the interrupt normally if the associated 
mask is glear. If the interrupt mask is set when the inter- 
rupt occurs, the processor exits the Sync mode by con- 
tinuing to the next instruction. The Bus Available output 
is activated during the Sync mode, but BS remains low. 
The instruction is useful for synchronizing the program 
with a peripheral and for performing DMA under pro- 
gram control. 

Exchange and Transfer Registers — Both of these 
instructions utilize an immediate byte to define the source 
and destination registers. The only restriction is that both 
source and destination must be similarly sized registers. 


Push/Pull Register(s) — These instructions also use an 
immediate byte to designate whether the register assigned 
to a particular bit is to be affected. Thus, a Push instruc- 
tion followed by a byte containing a “one” in bit 7 causes 
the Program Counter to be pushed onto a stack. One to 
eight registers can be pushed or pulled with a single 
instruction. 

Sign Extend — This instruction causes all bits in the 
A register to take on the value of the Most Significant Bit 
of the B register. 

CWAI — This instruction is similar to the Wait for 
Interrupt used with the MC6800, but includes an immedi- 
ate byte to clear condition codes if desired. The CWAI 
instruction can be used with any of the three interrupt 
lines, even though CWAI stacks all registers (except $). 
After stacking is complete, the processor idles until an 
interrupt occurs. 

Those familiar with the MC6800 will note that some 
instructions are missing from the complement available 
with the MC6800. Provisions have been made to perform 
such operations in alternate ways when required. An 
example might be Decrement X. This will not often be 
needed with the MC6809 due to the Auto-Decrement 
option with Indexed Addressing. If needed, however, 
the operation can be accomplished with an LEAX -1,X 
instruction. Likewise, the MC6800 instructions to 
Clear/Set various condition codes are replaced with 
ANDCC/ORCC. In this manner, the MC6809 uses 
fewer instruction mnemonics (59 versus 72) than the 
MC6800, yet is fully software compatible, as well as 
being considerably more powerful. 
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Addressing Modes 


TABLE 2 — 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 


Extended Indirec: 


ADCA, ADCB Add memory to accumutator with carry 
ADDA, ADD8 Add memory to accumulator 
ANDA, ANDB And memory with accumulator 


Arithmetic shift left memory location 
ASLA, ASLB Arithmetic shift left accumulator 
Arithmetic shift right memory location 


ASAA, ASAB Arithmetic shift right accumulator 
BITA, BITB Bit test memory with accumulator 


R Clear memory location 


CLRA,CLAB Clear accumulator 
CMPA,CMPB Compare memory with accumulator 


AS 
CL 
COM omplement memory location 
DA 


I com | 

Complement accumulator 

Decimal adjust A-accumulator I-] =] 

| DE | Decremen mem Bin L—L—L—L—LDLD DD [I -Ix 1x [x [x x 1x 1x1 

| Deca,DeeB | Desrement accumumer 1x] 

| EonA,EOMB | Exclusive ormemorywühaceumulster | -| 

| ex6n1,R2 | Exehange Aiwimnzinn,nz=A,a.cco | x1-1-1-1-1-1-]1-[-| 
IN EEE PETE TI PTTI7 FTP EEE EB EB EBEBEBEZEIEN 

ea. nes |inerementaceumuster | x1-{-1-1-1-1-1-1- 

| 10,108 | osdaccumuistor rommemay _ [xx ts fxix texte] 

ESEILIEI 

UL 

OL 

sT 


| mu | 
nes | Negats memory location | 
U NEoa,neGB _|Nessteaccmuster |] 


I ro | 
Ron] Rotats memory joestion nahe 1 
| _ SBCA.SBCB | Subtract memory from aceumulator withborrom 7070 | - Ix [x [x [x Ix [x 1x ]x| 
Store accumulator to memory EBEBESESBEBESESEN 
Subtract memory from accumulator I - 1x Ix [x II Ix I 


M 
R 
T: 


| _Tst _____| Test memory location -1- 1x 1x Ix Ix Ix Ix 1x | 
Test accumulator [x 1-1-1- [-1-[-[-1-1 
Transfer R1 to R2 (R1,R2 = A, B.CC. DP) x 1I-|-|- I-I-I-I-I=| 


NOTE: A and B may be pushed to (pulled from) either stack with PSHS, PSHU (PULS, PULU) instructions. See Table 3. 
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Addressing Modes 


TABLE 3 - 16-8IT ACCUMULATOR AND MEMORY INSTRUCTIONS 


Relstive Indirect 


ESESESERESEN 
ESESESESESEBENEN 


x 
5 


Store D aecumulator to memory 


| 

EUER 
___SUBD | Subract memory trom Daxcumumer 22025854 | ENESESENENENEN 

= 

= 


Transfer DtoX,Y,$, U,or PC 
Transfer X, Y,S, U,or PCto D 


Extended Indirect 


TABLE 4 — INDEX REGISTER/STACK POINTER INSTRUCTIONS Ill 


|__CMPS.cMPU__ | Compare memory with sack einer _—_— I - [x [x [x [x [x | 
|_eMPx,cmpy | Compare memory with index eier_—_—L—L— —L — I-Ix [x x [x 1x | 
|__ ExGALR2 | Exchange D. X, Y,5,U,or PCwithD.x,v.s.V.oe — — — |x|- [-[-[-1-[-[-[-| 
|__LEASLEAU | Lood effective address into sc oiner_—_—L—n I - |- [-/-Ix [x [x [x [x | 
|__LEAX.LEAY | Load effective address into ind str L—L— I - [-I-T-IxIxIx [x [x | 
|__108.1D0U | Load stack pointe rom memory 7272[[[— I -IxIxIxIxIx [x [x [x | 
Load index register from memory -| 
I PsHS__ | Pushany registerts) onto hardware stack texcens)'_237[4_ [x - | 
[___ PsHu | Pushany registerisl onto user stack mp )_D_T_T_T_LRLN x [- | 
[___ Puls | Puitany registeris) from hardware stack (once) '_23[{__ x |- | 
pur | Puitanyregsterlsi (om haramare sack (except ul | x [= | 
EIER 
[- 1-1 
ENEN 
EZEN 


STS, STU 
STX,STY Store index register to memory 
TFR RI,R2 Transfer D,X,Y,S,U,or PC to D,X,Y,$.U,or PC 


Add B-accumulator to X (unsigned) 
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Addressing Modes 


TABLE 5 — BRANCH INSTRUCTIONS 


- “ 
8 8 
= 7 
® h-} 
£ & 
5 2 
= 7 
® ® 

© 
& [4 


& 
® 
[2 
[3 
x | 
EI 
E2 


indexed 


—Mnemoniste [open | 
FEB 
[ —ees.uscs | Branenitenyan  foletetet-te] 
 pea,usea | Branchitena — 11-11 -1=1-1-] 
| BGE, BGE | Branchifgreater han oreaual sonen _ I -f-1-1-1-1-1[-| 
 Bar.tsot _[ Branenigrenriin tet -tefet-tete 
 —om,ramı | Branch inniner tunsgnean m 1 -f-1-1-f-1-f-1%| 
ons. cons | Branch ilnigneror same nagneıh 1-1 1-1-1-1-1-1%]| 
pre, tote | Branch essnanoreauartigneı 11-1111 [x1S 
010, 10:0 | Branch iionertunsgnn — 1 -f-1-[=1St-tertS] 
 eis,usrs | Brenehitiomerorsame wann 1-f-1-1-1-t-tetxto] 
per. uset | Branch nissunan mn DD 1 f-1-1S1=t-tetKtS| 
om, com _[ Branehitmes —— fe fetetetetetekte] 
| one. uene | Branch itnotenn U |] 
pp. ar] Branch 
 pma,uoRa | Branenaways [>] 

—] 

| 

5) 

I 


Immediate 


| Extended Indirect 


BAN, LBRN Branch never (3, 5 Cycle NOP} 
BSR, LBSR 
BVC, LBVC Branch if overflow clear 


ea 
= 
| 
| 
Br 
Es 
= 
[ evs.covs | Branch itovertonen —  [-f-| 


Addressing Modes 


TABLE 6 — MISCELLANEOUS INSTRUCTIONS 


open | 
DT ewaı | AND condition eodereginer,ihenwahlorimmemum | 
nor nn er er 
nr 
an Tampa subraunine m] 
Eefeetfeı 
[ Swı.swi2, sw12 | Software merrapı tasonnemaween x] 1-1=1-1-1=1-1=] 
syne ]  Synchronizewirh merrupuine _—— fs f-fst-t-1etS1S 


Motorola reserves the right to make changes to any producta herein to improve reliability, function or design. Motorola does not assume any lisbility arising 
ost of the application or use of any product or circuit described herein; neither doss it convey any license under its patent rights nor the rights of others. 


MOTOROLA Semiconductor Products Inc. 


3501 ED BLUESTEIN BLVD. AUSTIN, TEXAS 78721 e A SUBSIDIARY OF MOTOROLA INC. 
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MOSIEK 


PRELIHINARY 


Z80 MICROPROCESSOR 


Z80 CENTRAL PROCESSING UNIT MK 3880 


FEATURES 


OD Single chip, N-channel Silicon Gate CPU 

D 158 instructions-includes all 78 of the 8080A 
instructions with total software compatibility. 
New instructions include 4-, 8- and 16-bit opera- 
tions with more useful addressing modes such as 
indexed, bit and relative 

17 internal registers 

Three modes of fast interrupt response plus a 
non-maskable interrupt 

Directly interfaces standard speed static or 
dynamic memories with virtually no external logic 
1.6 #s instruction execution speed 

Single 5 VDC supply and single-phase 5 volt Clock 
Out-performs any other single chip microcomputer 
in 4-, 8-, or 16-bit applications 

All pins TTL Compatible 

Built-in dynamic RAM refresh circuitry 


o0oD 5000 O0 D00 


GENERAL DESCRIPTION 


The Mostek Z80 Product line is a complete set of 
microcomputer components, development systems 
and support software. The ZBO microcomputer 
component set includes all of the circuits necessary to 
build high-performance microcomputer systems with 
virtually no other logie and a minimum number of 
low cost standard memory elements. 


The Z80-CPU is a third generation single chip micro- 
processor with unrivaled computational power. This 
increased computational power results in higher 
system through-put and more efficient memory 
utilization when compared to second generation 
microcomputers. In addition, the Z80-CPU is very 
easy to implement into a system because of its 
single voltage requirement plus all output signals 
are fully decoded and timed to control standard 
memory or peripheral circuits. The circuit is imple- 
mented using an N-channel, ion-implanted, silicon 
gate MOS process. 


The chart on the following page details the internal 
register configuration which contains 208 bits of 
Read/Write memory that are accessible to the pro- 
grammer. The registers include two sets of six general 
purpose registers that may be used individually as 
8-bit registers or as 16-bit register pairs. There are 
also two sets of accumulator and flag registers. The 
programmer has access to either set of main or 
alternate registers through a group of exchange 
instructions. This alternate set allows foreground/ 
background mode of operation or may be reserved 
for very fast Interrupt response. The CPU also 
contains a 16-bit stack pointer which permits simple 
implementation of multiple level interrupts, un- 


280 FAMILY 


Z80 PIO 
MK 3881 


STANDARD 
MEMORY 


BLOCK DIAGRAM 


‚von 


ADDRESS BUS 


limited subroutine nesting and simplification of 
many types of data handling. 


The two 16-bit index registers allow tabular data 
manipulation and easy Implementation of relo- 
catable code. The Refresh register provides for 
automatic, totally transparent refresh of external 
dynamic memories. The | register is used in a power- 
ful interrupt response mode to form the upper 8 
bits of a pointer to a interrupt service address table, 
while the interrupting device supplies the lower 
8 bits of the pointer. A call is then made to this 
service address. 
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126) udy 


CPU REGISTERS 


MAIN REG SET 


ALTERNATE REG SET 


Bon 
[77 
INTERRUPT MEMORY 
VECTOR REFRESH 
I R 
INDEX REGISTER IX_ | special 
INDEX REGISTER IY_ | PURPOSE 
STACK POINTER sp_ | REGISTERS 
PROGRAM COUNTER PC 


2Z80-CPU PIN CONFIGURATION 


Ao-A15 (Address Bus) 


Tri-state output, active high. AQ-A15 constitute a 
16-bit address bus. The address bus provides the 
address for memory (up to 64K bytes) data ex- 
changes and for I/O device data exchanges. 


Do-D7 (Data Bus) 


Tri-state input/output, active high; DQ-D7 constitute 
an 8-bit bidirectional data bus. The data bus is used 
for data exchanges with memory and I/O devices. 


M1 ( Machine Cycle one) 

Qutput, active low. m indicates that the current 
machine cycle is the OP code fetch cycle of an 
instruction exectuion. 


MREOQO (Memory Request) 
Tri-state output, active low. The memory request 


signal indicates that the address bus holds a valid 
address for a memory read or memory write operation. 


CPU PIN CONFIGURATION 


SYSTEM 
CONTROL 


& ADDRESS 
Bus 

CPU 

CONTROL 

Pu Bus 

CONTRA. 
Data 
Bus 
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IORO (Input/Output Request) 


Tri-state output, active low. The TORÜ signal indi- 
cates that the lower half of the address bus holds a 
valid I/O address for a I/O read or write operation. 
An IORQ signal is also generated when an interrupt 
is being acknowledged to indicate that an interrupt 
response vector can be placed on the data bus. 


RD (Memory Read) 


Tri-state output, active low. RD indicates that the 
CPU wants to read data from memory or an I/O 
device. The addressed I/O device or memory should 
use this signal to gate data onto the CPU data bus. 


WR (Memory Write) 


Tri-state output active low. WR indicates that the 
CPU data bus holds valid data to be stored in the 
addressed memory or I/O device. 


RFSH (Refresh) 


Output, active low. RFSH indicates that the lower 
7 bits of the address bus contain a refresh address 
for dynamic memories and the current signal 
should be used to do a refresh read to all dynamic 
memories. 


HALT (Halt state) 


Output, active low. HALT indicates that the CPU 
has executed a HALT software instruction and is 
awaiting either a non-maskable or a maskable in- 
terrupt (with the mask enabled) before operation can 
resume. While halted, the CPU executes NOP’s to 
maintain memory refresh activity. 


WAIT (Wait) 


Input, active low. WAIT indicates to the Z-80 CPU 
that the addressed memory or I/O devices are not 
ready for a data transfer. The CPU continues to 
enter wait states for as long as this signal is active. 


INT (Interrupt Request) 


Input, active low. The Interrupt Request signal 
is genereated by I/O devices. A request will be 
honored at the end of the current instruction if the 
internal software controlled interrupt_enable flip- 
flop (IFF) is enabled and if the BUSRÖ signal is 
not active. 


NMI (Non Maskable Interrupt) 


Input, active low. The non-maskable_interrupt 
request line has a higher priority than INT and is 
always recognized at the end of the current instruc- 
tion, independent _of the status of the interrupt 
enable flip-flop, NMI automatically forces the Z-80 
CPU to restart to location O066H. 


RESET 
Input, active !ow. RESET initializes the CPU as 
follows: reset interrupt enable flip-flop, clear PC 


and registers | and R and set interrupt to 8080A 
mode. During reset time, the address and data bus 
go to a high impedance state and all control output 
signals go to the inactive state. 


BUSROÖ (Bus Request) 


Input, active low. The bus request signal is used to 
request the CPU address bus, data bus and tri-state 
output control signals to go to a high impedance 
state so that other devices can control these busses. 


TIMING WAVEFORMS 


BUSAK (Bus Acknowledge) 


Output, active low. Bus acknowledge is used to 
indicate to the requesting device that the CPU address 
bus, data bus and tri-state control bus signals have 
been set to their high impedance state and the ex- 
ternal device can now control these signals. 


INSTRUCTION OP CODE FETCH 


The program counter content (PC) is placed on the 
address bus immediately at the start of the cycle. One 
half clock_time later M goes active. The falling 
edge of MREO can be used directly as a Row Address 
Strobe to dynamic memories. when active indi- 
cates that the memory data should be enabled onto 
the CPU data bus. The CPU samples data with the 
rising edge of the clock state T3. Clock states T3 and 
T4 of a fetch cycle are used to refresh dynamic 
memories while the CPU is internally decoding and 
executing the instruction. The refresh control signal 
RFSH indicates that a refresh read of all dynamic 
memories should be accomplished. 


MEMORY READ 


tllustrated here is the timing of memory read or 
write_cycles other than an OP code fetch (M1 cycle). 


The MREO and RD signals are used exactly as in the 
fetch_cycle. In the case of a memory write cycle, 
the MR also becomes active when the address bus 


is stable so that it can be used directly as a Row 
Address Strobe for dynamic memories. The WR line 
is active when data on the data bus is stable so that it 
can be used directly as a R/W pulse to virtually any 
type of semiconductor memory. 


Mi Cyoe 


OR WRITE CYCLES 
De De a — 


INPUT OR OUTPUT CYCLES 


Illustrated here is the timing for an I/O read or 
I/O write operation. Notice that during I/O opera- 
tions a single wait state is automatically inserted 
(Tw*). The reason for this is during I/O operations 
this extra state allows sufficient time for an I/O port 
to decode its address and activate the WAIT line if 
a wait is required. 


INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 


The interrupt signal is sampled by the CPU with the 
rising edge of the last clock at the end of any instruc- 
e 


tion. n an interrupt is accepted, a special M 
cycle is generated. During this My cycle, the JÖR 
signal becomes active (instead of to indicate 


that the IDterrupting device ‚can place an 8-bit vector 
on the data bus. Two wait states (Tw*) are auto- 
matical!y added to this cycle so that a ripple BOOLEN 
interrupt scheme, such as the one used in the ZB 

peripheral controllers, can be easily implemerited. 


Amt Crde 


ot mine 


he 


ACCHARACTERISTICS 
TA = 07 to 70°C, Vec = +5V + 5%, Unless Otherwise Noted 


Clock Period 
Clock Pulse Width, Clock High 
Clock Pulse Width, Clock Low 
Clock Rise and Fall Time 


Address Output Delay 

Delay to Float 

Address Stable Prior to MREÜ 
(Memory Cycle) 

Address ss Stable Prior to IORQ, RD 


tD(AD) 
tF(AD) 
tacm 


CL = 100pF 


A0-15 taci 


WR (1/O eiydiel 
ta Addıma Stable From RD or WR 
tcaf Address Stable From RD or WR 
During Float 


Data aan Delay ’ 

Delay to Float During Write Cycle 

Data Setup Time to ang Edge of 
Clock During M1 Cycle 

Data Setup Time to Falling Edge at 
Clock During M2 to M5 

Data Stable Prior to WR (Memory 
Cycle) 

Data Stable Prior to WR (1/O Cycle) 

Data Stable From 

Input Hold Time 


tD(D) 
tF(D) 
tsp(D) 


tS$(D) 
tdem 
tdci 


tcaf 
tH 


D0-7 CL = 100pF 


tDL$(MR) 
tDHP(MR) 
tDHS(MR) 
vu [MAT 
w ) 


MREO Delay From Falling Edge of 

Clock, MREU Low 

Del Bon ala Edge of 
i 


‚ MAEO High 
Pulse Width, MREQ Low 


Pulse Width. High 


tDLe(ır) | [ORG Deia From Rising Edge of 
ET MORE De a mr F E 
ur: tDLE(IR e rom Falling Edge of Cı = 50pF 
[oJ]; Te ui Clock, KORG Lo et LT >UP 


tDHEIR) one S Dela a From ‚Rising Edge of 


tDHE(IR ner Das om Elting Edge of 
m Clock, am 


tDL$(RD) | RD_Delay From Rising Edge of Clock, 
RD Low 


tDL$(RD) | RD_Delay From Falling Edge of Clock, CL = 50pF 
RD RD Low 
tDH®(RD) RD Delay ‚From Rising Edge of Clock, 
ıg 
tDH®(RD) RD Delay From Falling Edge of Clock, 
RD High 


tDLE(WR) 
tDLP(WR) 
tDHE(WR) 
tw(WRL) 


WR Delay From Rising Edge of Clock, 

_WR Low 

WR _Delay From Falling Edge of Clock, 
__WR Low 

WR Delay From Falling Edge of Clock, 

Pulse Width, WR Low 


CL >= 50pF 


NOTES: 

1. Data should be enabled onto the CPU data bus when RD is active. During interrupt acknowledge data should be enabled when MT 
and IÖRÜ are both active. 

2. All control signals are internally synchronized, so they may be totally asynchronous with respect to the clock. 


3. The RESET signal must be active for a minimum of 3 clock cycles. 392 


Symbe 


tDL(M1} Mi Delay From Rising Edge of Clock, 


__MI1 Low 
tDH(MI) M1 _Delay From Rising Edge of Clock, 
M1 High ® 


tDL({RF) RFSH Delay From Rising Edge of Clock, 200 
RFSH Low 
tDH(RF)} RFSH Delay From Rising Edge of Clock, 200 


c 


nse 
nsec 
RFSH High 
ts(WT) WATT Setup Time to Falling Edge of 
Clock 
tD(HT) HALT Delay Time From Falling Edge 
of Clock 
ts(IT) INT Setup Time to Rising Edge of Clock | 70 
twiNML) | Pulse Width, NMT Low [60 | 


BUSRO Setup Time to Rising Edge of 
Clock 


tDL(BA) BUSAKD From Rising Edge of 

Clock, BUSAK Low 

tDH(BA) RN Delay From Falling Edge of 
i 


lock, High 
RESET Setup Time to Rising Edge of 70 
Clock 

tF(C) Delay to Float (MREQ, IORQ, RD and 


[1] tacm = twi $H) + tr 120 [ 6] taei = twi $L) + 1r—330 LOAD CIRCUIT FOR OUTPUT 
[2] taci = te -140 [7 1tcar = tw PU) +tr -80 

[3] tca = twı @n} +tr -80 [ 8] twiRTAR) = tc 80 

[4] teat = tw @H)+ y-100 [9] WwIMRT) = wid mI+ tr -70 

[ 5] tacm = te -300 [14 twiwr) = te -80 
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A.C. TIMING DIAGRAM 


Timing measurements are made at thie following 

voltages, unless otherwise specified: .ı 9” 
.BV 
‚BV 
‚BV 
+0.5V 


toHT (aD 
% 


ia ‚km 
Sl uk 


!oH 184), 


RESET (l Ir, 


— Nosmmman. 


ABSOLUTE MAXIMUM RATINGS * 


Temperatüre'Under.bias.. 2... 34.4... 22 nn ee ee 0°C to 70°C 
Storage Temperature...... 2222 2eaeeeueseeeseeeneerereneneebeereeenene 657 to +150°C 
Voltage On Any Pin with Respect to Ground. ........2.22eceene nennen —0.3V to +7V 
Power: Dissipation..u...n@... er Se en ee een nee a ea 1.5W 


D.C. CHARACTERISTICS 
TA = 0°C to 70°C, Vcec = 5V + 5% unless otherwise specified 


Parameter Test Condition 


Clock Input Low Voltage 


Clock Input High Voltage 


Input Low Voltage 


Input High Voltage 


IOL = 1.8mA 
IOH = -100 A 
te = 400nsec 


VOL Output Low Voltage 


Output High Voltage 


Power Supply Current 


Tri-State Output Leakage Current in Float 


Data Bus Leakage Current in Input Mode 0< VIns Vcc 


CAPACITANCE 
TA = 25°C, f= 1MHz unmeasured pins returned to ground [LIGEDERFDRIVER Vec 


—r 


Parameter 


Es 
[oioc man [m | er 
Eu 


Input Capacitance 


Symbol 


Output Capacitance 


7400 TTL 


An external clock pull-up resistor of 
(330 2) will meet both the A.C. and 
D.C. clock requirements. 


*Comment 

Stresses above those listed under ‘'Absolute Maximum Ratings‘ may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device 
at these or any other condition above those indicated in the operational sections of 

this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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8-BIT LOADS 


16-BIT LOADS 


Z80 INSTRUCTION SET 


The following is a summary of the Z80 instruction 
set showing the assembily language mnemonic and 
the symbolic ap taten performed by the instruction. 
A more detailed listing appears in the ZBO-CPU 
technical manual. The eetions are divided into 
the following categories: 


8-bit loads Miscellaneous Group 
16-bit loads Rotates and Shifts 
Exchanges Bit Set, Reset and Test 
Memory Block Input and Output 
Moves Jumps 
Memory Block Calls 
Searches Restarts 
8-bit arithmetic  Returns 
and logic 


16-bit arithmetic 

General purpose 
Accumulator & 
Flag Operations 


In the table the following terminology is used. 
b = a bit number in any B-bit register or memory 
location 
cc = flag condition code 
NZ = non zero 
Z 5 zero 
NC = non carry 
C 5 carry 
PO = Parity odd or no over flow 
PE = Parity even or over flow 
P = Positive 
M 7 Negative (minus) 


s=r,n,(HL), 
(IX+e), (IY+e) 
d=(HL),r 
(IX+e), (IYte) 
d=(HL), 
(IX+e), (IYte) 
s= (BC), (DE), 
(nn), Ä,R 
d=(BC), (DE), 
(nn), ER 


EXCHANGES 


LDdd,nn dd*-nn dd=BC,DE, 
HL, SP, 1X, IY 
dd = BC, DE, 
HL. SP, IX, IY 
ss= BC, DE, 
HL, SP, IX, IY 
ss =HL, IX, IY 
ss = BC, DE, 
HL, AF, IX, IY 
dd = BC, DE, 
HL, AF, IX, IY 


LDdd,(nn) | dd - (nn) 


LD (nn), ss (nn) = ss 


MEMORY BLOCK MOVES 


LD SP, ss 
PUSH ss 


SP=ss 
(SP-I) = ss; (SP-2) ss, 


POP dd 


dd; = (SP); ddy; + (SP+1) 
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d = any 8-bit destination register or memory 
location 

dd = any 16-bit destination register or memory 
location 

= 8-bit signed 2’s complement displacement 

used in relative jumps and indexed addressing 

L = 8 special call locations in page zero. In decimal 
notation these are O0, 8, 16, 24, 32, 40, 
48 and 56 

n = any 8-bit binary number 

nn = any 16-bit binary number 

r = Sen DL eneral purpose register (A,B,C, 

s = anyB- on register or memory location 

sp = a bit in a specific 8-bit register or memory 
location 

ss = any 16-bit source register or memory location 

subscript ”L’ =the high order 8 bits of a 16-bit 

register 
subscript ‘H’” = the high order B bits of a 16-bit 
register 


() the contents within the (: ) are to be used as a 
pointer to a memory location or I/O port 
number 

8-bit registers are A,B,C,D,E,H, L, land R 

16-bit register pairs are AF, BC, DE and HL 


16-bit registers are SP, PC, IX and IY 


Addressing Modes implemented include combinations 
of the following: Immediate Indexed 
Immediate extended Register 


Modified Page Zero Implied 
Relative Register Indirect 
Extended Bit 


EX DE,HL | DE+HL 
EX AF,AF’ | AF + AF' 
EXX ) 


BC BC 
DE ]+| DE 
HL, HL 


(SP) = ssL. (SP+t}) > ssy 


EX (SP), ss 


(DE) - (HL), DE + DE+1 
HL + HL+1, BC + BC-I 
(DE) - (HL), DE + DE+1 
HL - HL+1, BC + BC-1 
Repeat untl BC =0 

(DE) - (HL), DE + DE-I 
HL - HL-I, BC +. BC-1 
(DE) + (HL), DE + DE-1 
HL = HL-1, BC + BC-1 
Repeat until BC=0 


MEMORY BLOCK SEARCHES 


8-BIT ALU 


16-BIT ARITHMETIC 


GP ACC. & FLAG 


MISCELLANEOUS GROUP 


| Mnemonie_| 
CPI 


ADDHL, ss 
ADC HL, ss 
SBC HL, ss 
ADD IX, ss 


ADD IY, ss 


INC dd 


DEC dd 


A-(HL), HL + HL+I 
BC + BC-1 
A-(HL), HL + HL+1 
BC + BC-1, Repeat 
until BC =00r A= (HL) 
A-(HL), HL - HL-I 
BC + BC-1 
A-(HL), HL = HL-I 
BC + BC-1, Repeat 
until BC=0o0r A= (HL) 
ArAts 
ArAtrstCcY 
ArA-S 
A+A-s-CY 
A+ANS 

ArAVS 

ArAos 

A-s 

dedtl 


d+d-I 


HL+-HL+ss 
HL=-HL+ss+ CY 
HL<-HL-ss-CY 
IX *- IX ts 


IY+-1IY+tss 
dd*-dd+1 


dd+dd-1! 


Converts A contents into 
packed BCD following add 
or subtract. 


Ark 

A-At| 

cY-cY 

cYei 

No operation 

Halt CPU 

Disable Interrupts 
Enable Interrupts 
Set interrupt mode O 
Set interrupt mode | 
Set interrupt mode 2 


Symbolic Operation 


A-(HL) sets 
the flags only. 


A is not affected 


CY isthe 
carry Nag 


s=r,n,(HL) 
(IX te), (IY+e) 


s=r,n(HL) 
(IX+e), (IY+te) 


d=1r,(HL) 
(IX +e), (IY+e) 


ss= BC, DE 
HL,SP 


ss= BC, DE, 
IX, SP 
ss=BC,DE, 
IY, SP 

dd =BC,DE, 
HL, SP, IX, IY 
dd =BC,DE, 
HL, SP, IX, 1Y 


Operands must 
be in packed 
BCD format 


8080A mode 
Call {0 00384 
Indirect Call 


| Mnemonic | Symbolic Operation 


ROTATES AND SHIFTS 


BITS,R,&T 


INPUT AND OUTPUT 
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BITb,s 
SETb,s 
RESb,s 


INA (n) 
IN r, (C) 
INI 


INIR 


OUT(n), A 
OUTCC), r 
outı 


OUTIR 


Actn) 

r+(Ö) 

(HL) +(C),HL HL +1 
B+-B-1 

(HL) «(C),HL+HL+1 
B-B-1 

Repeat untilB=0 

(HL) + (C),HL=-HL-1 
BeB-1I 

(HL) =(C), HL -HL-1 
B+-B-] 

Repeat until B=0 
(mMrA 

Oer 

(O- (HL), HL -HL+ I 
B+-B-1 

(C)+- (HL), HL -HL+ | 
B+-B-1 

Repeat until B=0 

(CO)* (HL), HL+-HL-1 
B+B-1 

(©)+ (HL), HL+-HL-1 
B+-B-I 

Repeat until B=0 


Comments 


s=r,(HL) 
(IX+e), (IY+e) 


Z is zero flag 
s=r,(HL) 
(IX+e), (IY+e) 


JUMPS 


CALLS 


JPın PC «nn NZ PO 
JP cc, nn If condition cc is true zZ. PE 
PC * nn, else continue NC_ P 


JRe PC =PC+e CM 


IRkk,e If condition kk is true kk NZ NC 
PC + PC + e, else continue z c 


(SP-1) + PCy 
(SP-2) - PC] .PCy +0 
PCL+-L 


RESTARTS 


PCL + (SP), 
PCy S (SP+1) 
If condition cc is false 


continue, else same as RET 


JP (ss) PC + ss ss = HL, IX, IY 


DINZ e B+-B-1,ifB=0 
continue, else PC «PC +e 
CALL nn (SP-!) « PCy 
(SP-2) « PC, ,PC + nn 
CALL cc, nn | If condition cc is false 
continue, else same as 
CALL nn 


RETURNS 


Return from interrupt, 
same as RET 

Return from non- 
maskable interrupt 


PIN CONFIGURATION PACKAGE DESCRIPTION: 40-Pin Dual In-Line Ceramic Package 


re 


DI2R 
war 


SYMBOLIZATION AREA FOR 
NDENTIFICATION OF GROUND LEAD [_ [005] 2.091 


a F: = Her 
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Single-Chip 


Microcomputer Z8 


PRODUCT 
SPECIFICATION 


PRELIMINARY 


nertek 


‘ 
IE NÜRORRATL EN 


Description 


Pin 
Description 


The Z8 microcomputer introduces a 
new level of sophistication to single-chip 
architecture. Compared to earlier single- 
chip microcomputers, the ZB ollers 
faster execution; more efficient use ol 
memory; more sophisticated interrupt, 
input/output and bit-manipulation capa- 
bilities; and easier system expansion. 

Under program control, the ZB can 
be tailored to the needs of its user. It can 


D Complete microcompuler with on-chip 
RAM, ROM and VO 


o, 128 bytes of on-chip RAM 

© 2K bytes of on-chip ROM 

© 32 VO lines 

D Two programmable 8-bit counter/timers, 
each with a 6-bit programmable prescaler 

© Full-duplex UART clocked by an internal 
timer 

O 144-byte register lile includes: 

c 124 general-purpose registers, each of 
which can be used as an accumulator, 
index register, storage element, address 
register or part ol the internal stack 

> Four //O port registers 

© Sixteen status and control registers 
for programming and polling the Z8 
Microcomputer 

O Register pointer permits shorter, faster 


instructions to access one of nine working- 
register groups 


OD Vectored, prioritized interrupts for VO, 
counter/timers and UART 


D Expandable bus interlaces up to 62K bytes 
each of external program memory and 
external data memory 


D On-chip oscillator can be driven by a 
crystal, RC, LC or external clock source 


DO High-speed instruction execution 


POo-POr. Plg-Pl7. P2o-P27. P%o-P%r. /O Port 
Lines (Input/Outputs, TTL compatible). These 
32 lines are divided into four 8-bit YO ports 


be configured as a stand-alone microcom- 
puter with 2K of internal ROM, a 
traditional microprocessor that manages 
up to 124K of external memory, or a 
parallel-processing element in a system 
with other processors and peripheral 
controllers linked by the Z-Bus. In all con- 
figurations, a large number of pins remain 
available for I/O. 


xTaL AS 08 rIWAESET 


MACHINE TIMING & 
INSTRUCTION CONTROL 


PROGRAM 
MEMORY 
TOM n EBIT 


PROGRAM 
® COUNTER 


OUTPUT INPUT 


REG. POINTER 


REGISTER FILE 
124 = 8BIT 


ADDRESS OA UO ADDRESSIDATA OA LO 


vo 
(BIT PAOGAAMMABLE) (NIBBI.EPROGRAMMABLE) (BYTE PROGRAMMABLE) 


Figure l. ZB Block Diagram 


2 Working-register operations = 1.5 us 
ı Average instruction execulion = 2.2 us 
ı Longest instruction = 4.25 us 


Low-power standby mode retains contents of 
general-purpose registers 


O Single +5 V supply 
O All pins TTL compatible 


that can be configured under program control 
for VO or external memory interlace. 


Copyright 1979 by Zilog. Inc. All rights reserved. No part of this publication may be 
reproduced. stored in a retrıeval system, or transmitted. ın any form or by any means, 
electronic, mechanical. photocopyıng. recording. or otherwise, without the prior wrilten 


permission of Zilog Aeproduced by permission 
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Pin 
Description 
(Cont.) 


AS. Address Strobe (oulpul, active Low), 
Address Strobe is pulsed once al the 
beginning ol each machine cycle. 
Addresses are oulput via Port 1 for internal 
and external program feiches and external 
data memory translers. The addresses lor 
all exlernal program or dala memory 
transfers are valid at the trailing edge of 
AS. Under program control, AS can be 
placed in the high-impedance siale along 
with Ports O and 1, Data Sirobe and 
Read/Write. 


DS. Data Strobe (output, active Low). Data 
Strobe is aclivated once for each external 
memory transler. 


40. P3, 
3» Pa, 
38 P2, 
37 P24 
36 P2, 
35 P2, 
34 P2, 
33 P2, 
32 p2, 
31 P% 
3» P3, 
20 P3, 
28 Pl, 
ar pl, 
26 Piy 
25 Pi, 
24 Pı, 
23 P1, 
22 Pı, 
21 Pio 


Figure 2. Pin Assignments 


PORTO 

{NIBBLE 
PROGRAMMABLE) 
VO OR Ag-Aıs 


von ı 


{(BYTE 
PROGRAMMABLE) 
LO OR ADy-AD; 


R/W. Read/Write (output). R/W is Low when 
the Z8 is writing to external program or data 
memory. 


XTALL, XTAL2. Crystal 1, Crystal 2 (time-base 
input and output). These pins connect a series- 
resonant crystal (8 MHz maximum), LC net- 
work, RC network or an external single-phase 
clock (B MHz maximum) to the on-chip clock 
oscillator and buffer. 


RESET. Reset (input, active Low). RESET ini- 
tializes the Z8. When RESET is deaclivated, 
the Z8 begins program execution {rom internal 
program location 000CH. 


TWIN 
[\ 
CONTROL 


PORT 8 

(BIT PRO- 
GRAMMABLE) 
vo 


vont 3 
{FOUR INPUT; 
FOUR OUTPUT. 
SERIAL AND 
PARALLEL VO 
AND CONTROL 


Figure 3. Pin Functions 


Architecture 


Z8 architecture is characterized by a flexible 
VO scheme, an ellicient register and address 
space structure and a number of ancillary 
[eatures that are helplul in many applications. 

Microcomputer applications demand power- 
ful YO capabilities. The Z8 fulfills this with 
32 pins dedicated Io input and output. These 
lines are grouped into four ports of eight lines 
each and are configurable under soltware con- 
trol to provide timing, status signals, serial or 
parallel /O with or without handshake, and an 
address/data bus for interfacing external 
memory. 

Because Ihe multiplexed address/data bus 
is merged with the //O-oriented porls, the Z8 
can assume many different memory and /O 
configurations. These configurations range 
{rom a sell-conlained microcomputer to a 


Address 
Spaces 


microprocessor that can address 124K of exter- 
nal memory. 

The Z8 offers ihree basic address spaces to 
support {his wide range of configuralions: pro- 
gram memory (inlernal and external), data 
memory (external) and the register file (inter- 
nal). The 144-byte random-access register [file 
is composed of 124 general-purpose registers, 
4 //O port registers, and 16 conirol and status 
regislers. 

To unburden the program from coping with 
real-time problems such as serial data com- 
munication and counting/timing, Ihe Z8 offers 
an on-chip asynchronous receiver/transmitter 
(UART), and two counter/timers with a large 
number of user-selectable modes. Hardware 
support for the UART is minimized because 
one of the on-chip timers supplies the bit rate. 


Program Memory. The 16-bit program 
counter addresses 64K bytes ol program 
memory space. Program memory can be 
located in two areas: one internal and ihe 
other external (Figure 4). The first 2048 bytes 
consist ol on-chip mask-programmed ROM. At 
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addresses 2048 and greater, the Z8 executes 
external program memory felches. 

The lirst 12 bytes ol program memory are 
reserved [or Ihe interrupt veciors. These loca- 
lions contain six 16-bit veclors that correspond 
lo the six available interrupts. 


Address 


Spaces 
(Cont.) 


Data Memory. The Z8 can address 62K bytes 
ol external data memory beginning at locations 
2048 (Figure 5). External data memory may be 
included with or separated Irom the external 
program memory space. DM, an optional YO 
function that can be programmed lo appear on 
pin P34, is used to distinguish between data 
and program memory space. 


Register File. The 144-byte register [ile 
includes four /O port registers (RO-R3), 124 
general-purpose registers (R4-R127) and six- 
teen control and status registers (R240-R255). 
These registers are assigned the address loca- 
tions shown in Figure 6. ö 

Z8 instructions can access regislers direcily 
or indirectly wilh an 8-bit address field. The 28 
also allows short 4-bit register addressing 


63535 


EXTERNAL 
ROM OR RAM 


Interupt 
vec 
Hower die 


"upge Arien 


Figure 4. Program Memory Map 


LOCATION 
248 
EiL) 
253 
232 
251 
250 
200 


IDENTIFIERS 


PORT 2 MODE 


nor 
IMPLEMENTEO 


GENERAL-PUAPOSE 
REGISTERS 


var 


PORTO 


o-nus 


Figure 6. The Register File 
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using the register pointer (one of the control 
registers). In the 4-bit mode, the register lile 
is divided into nine working-register groups, 
each occupying sixteen contiguous locations 
(Figure 7). The register pointer addresses the 
starting location of the active working-register 


group. 


Stacks. Either Ihe internal register lile or the 
external dala memory can be used lor the 
stack. A 16-bit stack pointer (R254 and R255) 
is used for the external stack, which can reside 
anywhere in data memory between locations 
2048 and 65535. An 8-bit stack pointer (R255) 
is used for the internal stack which resides 
within the 124 general-purpose registers 
(R4-R127). 


EXTERNAL 
DATA 
MEMORY 


NOT ADDRESSABLE 


GE EEE (nie 
FP-» | | ten“ T ooo0 Tas 
Om Wr 
Io upoee bb at be enge Isa adarısı 
Ber ar enge Baar seen 
een 
1ar 
er | 
h--# | 
| 
[_.| 
| 
bat | 
| SPECIFIEO WORRING- 
| REGISTER GROUP 
I... 
nee 
L_.! 
| 


REGISTER FILE 


Figure 7. The Register Pointer 


Ports 


Port 1 


Port 0 


Port 2 


Port 3 


The Z8 has 32 lines dedicated to input and 
outpul. These lines are grouped into four poris 
of eight lines each and are conligurable as 
input, output or address/data. Under software 
control, the ports can be programmed to pro- 
vide address outputs, timing, status signals, 


Port | can be programmed as a byte /O 
port or as an address/data port for interlacing 
external memory. When used as an I/O port, 
Port | may be placed under handshake con- 
trol. In this configuration, Port 3 lines P33 and 
P34 are used as the handshake controls RDYI 
and DAV] (Ready and Data Available). ' 

Memory locations greater than 2048 are 
referenced through Port 1. To interface exter- 
nal memory, Port | must be programmed for 
the multiplexed address/data mode (ADo- 
AD}). If more than 256 external locations are 
required, Port O must output the additional 
lines. 

Port | can be placed in the high-impedance 
state along with Port 0, AS, DS and R/W, 


Port O can be programmed as a nibble 
I/O port, or as an address port lor interfacing 
external memory. When used as an I/O 
port, Port O may be placed under hand- 
shake control. In this configuration, Port 3 
lines P32 and P35 are used as the hand- 
shake controls DAVO and RDYO. 


For external memory references, Port O 
can provide address bits Ag-Aı (lower nibble) 
or Ag-Aıs (lower and upper nibble) depend- 
ing on the required address space. If the 
address range requires 12 bits or less, the 
upper nibble of Port O can be programmed 
independently as YO while the lower nibble is 


Each bil of Port 2 can be programmed 
independently as an inpul or an oulput, 
and is always available for I/O operations. 
In addition, Port 2 can be configured to 
provide open-drain ouiputs. 


Like Ports O0 and 1, Port 2 may also be 
placed under handshake control. In this con- 
figuration, Port 3 lines P3} and _P3g are used as 
the handshake controls lines DAV2 and RDY2. 
The handshake signal assignment for Port 3 
lines P3| and P3g is dictated by the direction 


Port 3 lines can be conligured as /O or con- 
trol lines. In either case, the direction of the 
eight lines is fixed as four input (P%-P33) and 
tour output (P34-P37). For serial 1/O, lines P3o 
and P37 are programmed as serial in and serial 
out respectively. 

Port 3 can also provide the following control 
functions: handshake for Ports 0, | and 2 
tDAVand RDY); four external interrupt request 
signals (IAQO-IRO3); timer input and output 
signals (Tjy and Tour) and Data Memory 
Select (DM). 
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serial /O, and parallel YO with or without 
handshake. All poris have active pull-ups and 
pull-downs compatible with TTL loads. 


PORT ı 
(VO OR AD,-AD,) 


HANDSHAKE CONTROLS 
} Davı ano novı 
(P3} AND P3)) 


Port 1 


allowing the 28 to share common resources in 
multiprocessor and DMA applications. Data 
transiers can be controlled by assigning P33 as 
a Bus Acknowledge input, and P34 as a Bus 
Request output. 


PORTO 
(WO OR A,-A,) 


HANDSHAKE CONTROLS 
} BAvo ano anvo 
(P3 AND P3) 


Port 0 


used for addressing. When Port 0 nibbles are 
defined as address bits, they can be set to the 
high-impedance state along with Port ! and the 


control signals AS, DS and R/W (see pg. 2-8). 


| PORT 210) 
HANPSHAKE CONTROLS 
DAV2 AND ADY2 

(P3, AND PA) 


Port 2 
(input or output) assigned to bit 7 of Port 2. 


von 3 
(oO OR CONTROL) 


Port 3 


u 


Serlal 
Input/ 
Output 


Counter/ 
Timers 


Interrupts 


Port 3 lines P39 and P37 can be programmed 
as serial /O lines for full-duplex serial asyn- 
chronous receiver/transmitter operation. The 
bit rate is controlled by counter/timer OÖ, with a 
maximum rate of 62.5 kilobits per second. 

The Z8 automatically adds a start bit and two 
slop bits to transmitled data (Figure 8). The Z8 
can also provide odd parity. Eight data bits are 
always ttfansmilted, regardless of parity selec- 


Traasmitied Data - No Parity 
[seIse[o:[0.]o,[o.]5:[oTo.]o.Ts7] 


START BIT 
EIGHT DATA BITS 
TWwO STOP BITS 


Tranamlited Data - With Parity 


START BIT 
SEVEN DATA BITS 
O0DD PARITY 
TWO STOP BITS 


f 


Figure 8. Serial Data Formats 


The Z8 contains two 8-bit programmable 
counter/timers (To and T}), each driven by its 
own 6-bit programmable prescaler. The Tı 
prescaler can be driven by internal or external 
clock sources; however, the To prescaler is 
driven by the internal clock only. 

The 6-bit prescalers can divide the input fre- 
quency of the clock source by any number 
from ! to 64. Each prescaler drives its counter, 
which decrements the value (1 to 256) that has 
been loaded into the counter. When the 
counter reaches the end of count, a timer 
interrupt request—IRQ4 (To) or IRO5 (Ty)—is 
generated. 

The counters can be started, stopped, 
restarted to continue, or restarted from the 
initial value. The counters can also be pro- 
grammed to stop upon reaching zero (single- 


The 28 allows six different interrupts from 
eight sources: the four Port 3 lines P39-P33, 
Serial In, Serial Out, and the two counter/ 
timers. These interrupts are both maskable and 
priorilized. The Interrupt Mask Register 
globally or individually enables or disables the 
six interrupt requests. When more than one 
interrupt is pending, priorities are resolved by 
a programmable priority encoder that is con- 
trolled by the Interrupt Priority Register. 

All Z8 interrupts are vectored. When an 
interrupt request is granted, the ZB enters an 
interrupt machine cycle that disables all subse- 
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tion. If parity is enabled, the eighth bit is the 
odd parity bit. An interrupt request (IRQ4) is 
generated on all transmilted characıers. 

Received data must have a start bit, eight 
data bits and at least one stop bit. If parity is 
on, bit 7 ol the received data is replaced by a 
parily error [lag. Received characters generate 
the IRQ3 interrupt request. 


Received Durta - No Parity 
[se[o: [o. [510.16]: ]o.os[sr] 


START BIT 
EIGHT DATA BITS 
ONE STOP BIT 


Received Data - Wlih Parlıy 


EIGIENENEIEIEIENENEN 


START BIT 
SEVEN DATA BITS 

PARITY ERROR FLAG 
ONE STOP BIT 


1 


pass mode), or to automatically reload the 
initial value and continue counting (modulo-n 
continuous mode). The counters, but not the 
prescalers, can be read any time without 
disturbing their value or count mode. 

The clock source for Tı is user-definable 
and can be the internal microprocessor clock 
(4 MHz maximum) divided by four, or an 
external signal input via Port 3. The Timer 
Mode register conligures the external timer 
input as an external clock (1 MHz maximum), 
a trigger input that can be retriggerable or 
non-retriggerable, or as a gate input for the 
internal clock. The counter/limers can be pro- 
grammably cascaded by connecting the To out- 
put to the input of Tı. Port 3 line P3g also 
serves as a timer output (Tour) through.which 
To, Tı or the internal clock can be output. 


quent interrupts, saves the program counter 
and status flags, and branches to the program 
memory vector location reserved lor that inter- 
rupt. This memory location and the next byte 
contain the 16-bit address of the interrupt 
service routine lor that particular interrupt 
request. 

The Z8 also supports polled systems. To 
accommodate a polled structure, any or all of 
the interrupt inputs can be masked and the 
Interrupt Request Register polled to determine 
which of the interupt requests needs service. 


28-02 
Develop- 
ment 
Device 


The 64-pin developmeni version ol the 
40-pin mask-programm=d 28 allows the user to 
prolotype the system in hardware with an 
actual 28 device, and develop ihe code Ihat is 
eventually mask-programmed into Ihe on-chip 
ROM of the 28.01 

The 28.02 is identical to the Z8-O1 with Ihe 


Z8.02 
Pin 
Description 


The Iunctions of the 28-02 _/O lines, AS, DS, 


R/W, XTAL], XTAL2 and RESET are identical 
to Ihose ol their Z8-Ol counlerparis. The func- 
tions of Ihe remaining 24 pins are as lollaws: 


Ag-Ajı. Program Memory Address (outputs). 
Ao-Aıı access the lirst 2K bytes ol program 
memory. Äjı isa reserved pin. 


Do-Dy. Program Dato (inputs). Program data 
from the first 2K bytes ol program memory is 
input Ihrough pins Do-D7. 


MDS. Program Memory Data Strobe (oulpul, 
aclive Low). MDS is Low during an instruction 
feich cycle when the first 2K bytes ol program 
memory are being accessed. MDS remains Hıgh 
duning other program memory read cycles. 


SYNC. Instruction Sync (output, active Low). 
This strobe output is lorced Low during the 
inlernal clock period preceding Ihe beginning 
of an opcode feich. 


SCLR. Systern Clock (output). SCLK is Ihe 
inlernal clock output through a bulfer. The 
clock rate is equal to one-hall the crystal 
frequency. 


IACK. Interrup! Acknowledge (oulput, active 
High). IACK is driven High in response io an 
interrupt during Ihe interrupt machine cycle. 


following exceplions: 
© The internal ROM has been removed 


© The ROM address lines and data lines are 
bulfered and brought out to external pins 


© Control lines for the new memory have been 


Figure 9. 28-02 Pin Ässignments 


Addressing 
Modes 


Symbols 


The lollowıng notation is used lo describe the 
addressing modes and ınstruction operations as 


IRR Indırect register paır or ındırect workıng: register 


psır address 

Indırect workıng-regıster pair only 
Indexed address 

Direct address 

Relalıve address 

Immediate 


shown in Ihe instruclion summary. 


Register or workıng regısier address 
Workıng: register address only 


Indirect-register or ındırect workıng-regısier 
address 


Indirect workıng-regısier address only 
Regıster paır or workıng register paır address 


Destination locatıon or contenis 

Source localıon or contenis 

Condition code (see lıst) 

Indırect address prelıx 

Stack poinler (control regısters 254-255) 
Program counler 

Flag regıster (control regıster 252) 

Register poınler (control register 253) 
Interrupt mask regıster (control register 251) 
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Assıgnmeni ol a value ıs indicaled by the symbol 

"=", For example, 
dst — dst + src 
indıcales Ihal Ihe source data is added to the 
destination data and the result is stored in the 
destlinatıon location. The notalion "addr(n)” is used 
to reler to bit "'n” of a gıven localıon. For example, 
dsı (7) 

relers Io bil 7 ol the destination operand. 


Control Register R252 contains the lollowing six Allecied Ilags are indicated by: 


Carry tag 

2ero llag 

Sıgn flag 

Overllow llag 
Decımal-adyust lag 
Hall-carey llaa 


Cleared to zero 

Sel to one 

Set or cleared according to operation 
Unallected 

Undefined 


Condition 


Codes Condlilon Codes 


Value Mnemonic Meoning 
1006 Always true 
ulli Carıy 
I) No carry 
vllo Zero 
1110 Not zero 
Plus 
Minus 
Overliow 
No overllow 
Equal 
Nol equal 
Greater than or equal 
Less Ihan 
Greater !han 
Less Ihan or equal 


DOIN<<UUNNNN: 


ö' aan 


Unsigned greater than or equal 


Unsıgned less Ihan 
Unsigned greater than 
Unsigned less than or equal 
Never true 


Instruction 
Formats 


CC. DI, EI, IRET. NOP. 


ACF. RET. SCH 


Ons-Byte Instructions 


CLA. CPL. DA. DEC. 
DECW, INC. INCW. POP. 
PUSH, AL. ALC. AR, 
ARC. SAA. SWAP 


JP. CALL (adıracı) 


ADC. ADD. AND, 
CP. OR. SBC. SUB. 
TCM. TM. xOR 


LO. LDE, LDEI, 
LDC, LOCH 


o 
» 


1 Fuli, 


DINZ. IA 


Two-Byte Instructions 


ADC. ADD. AND. CP, 
LD. OR. SBC. SUB. 
TCM. TM, OR 


ADC. ADD. AND, CP. 
LO. OR. SBC. SUB. 
TCM. TM. xOR 


Three-Byie Instructlons 


Figure 10. Instruction Formats 
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Lower Nibble (Hex) 


10.5 | 10.5 a A } i ? i ‚5 | ı2r10.0) 
ADD ADD IP 
A. A Cr m i 5 ; : h cc.DA 
i Ei 


u 


12/14, 1 
vusn PUS] 
Rz 


DEEW 


Upper Nibble {Hex} 


8 
DA 
N 
10,5 
POP 
IRı 
H 
6,5 
R 


5 a7 


»B 


[2] 
o 35 


N mn un nn —f 
Byies Per 2 
Instruction 
Lower Opcode Nibble Legend: 
R = 8-Bit Address 


Execution Cycles Pipeline Cycles r = 4-Bıt Address 
4 Rı or rı = Dst Address 


Ra or ra = Src Address 


109 
Upper Opcode Nibble — A cp Moemonic Sequence: 


Rz Rı Opcode, First Operand, Second Operand 


Note: The blank areas are reserved 
First Operand instructions. 


"2-byte ınstruchon: leich cycle appears as a 3-byle ınstruclion 
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Flags Aliected 
CZSVDH 


.eor.0« 


ADC dst.src 
dst - dst + sec + C 


ADD dst,src 
dst - dst + src 


AND dst,src 
dst — dst AND src 


CALL dst DA 
sSP-SP-2 IAR 
@SP - PC; PC - dst 


(Note |) 


(Note I) 


(Note |) 


ccF 
C - NOTC 


CLR dsı R 
dst - 0 IR 


COM dst R 
dst — NOT dst IR 


CP dst,src (Note 1) 


dst - sre 


DA dat R 
dst — DA dat IR 


DEC dst R 
dst — dst - 1 IR 


DECW del RR 
dst — dst - 1 IR 


Di 
IMR (7) — 0 


DINZ r.dst RA 
r-r-] 

iir#0 PC—-PC + dst 
Range: + 127. -128 


Ei 
IMR(M) — 1 


INC dst 
dst — dat + | 


IR 


INCW dst RR 
dsı - dst + I IR 


IRET 
FLAGS - @SP; SP-SP +1 
PC —- @SP; SP - SP + 2: IMR(7) —- | 


IP cc.dst DA 
ıl cc ıs (rue 
PC — dat 


TR cc.dst RA 
it cc is true, 

PC - PC + dst 
Range: + 127, -128 


LD dst.src 
dst — sıc 


LDC dsi,sre 


dst — src 


LDCI dst.src 
dst — src 
r-r+liır-ım#l 


LDE dst.src 
dst — src Ir 
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Bro 2 ———— 
Her) CZSVDH 
8 


dst — src 93 
r-r+l 


NOP 


OR dst,src 
dst — dst OR src 


POP dst R 
dst - @SP IR 
sSP-SP +1 


PUSH src A 
SP-SP-1; @SP-src IR 


RCF 
c-0 


(Note 1) 


RET 
PC —- @SP; SP-SP +2 


ac 


RLC dst R 
IR 


AR dat R 
IR 


RRC dat R 
IR 


SBC dsl,src {Note ]) 


dst - dst-src-C 


sc 
c-1 


SRA dst Kofası) nn 


SRP src IM 
AP — src 


SUB dsi,src 
dat — dst - sre 


Fur. 


TCM dsl,sre {Note 1) 
(NOT dat) ANDsrc 


TM dsi,src 
det AND src 


XOR dst.src 
dst — dst XOR src 


{Note I) 


(Note 1) 


{Note I) 


Note I 


These ınstructions have an ıdenlical sel ol addressing 
modes, whıch are encoded lor brevity ın this table. The 
higher opcode nıbble is found in the ınstruction sel table 
above. The lower nibble ıs expressed symbolically by a 
in the table above. and ıts value ıs lound ın the following 
table to Ihe rıghi ol Ihe applıcable addressing mode pair. 


For example. Ihe opcode of an ADC instruclion using 
ihe addressing modes r (destinalion) and Ir (source) is 13. 


Addr Mode 
ds se 


Lower 
Opcode Nibbie 


r 
Ir 


R240 SIO 
Serial /O Register 
(FO; Read/Write) 


0, 0,0, D, D, 0, D, ©, 
a RR OATAıD, » LSB 


R241 TMR 
Timer Mode Register 
(Fly: Read/Write) 


h 
Toyı MODES L NO FUNCTION 
{2} LOAD T, 
ro OISABLE T, COUNT 
INTERNAL CLOCK OUT ENABLE 1, COUNT 
= NO FUNCTION 
1. MODES = 
EXTERNAL CLOCK INPUT = 00 © LOAD T, 
GATE Input DISABLE T, COUNT 


TAIGGER INPUT ENAGLE T, COUNT 
INON RETAIGGEAABLEI 


TRIGGERA INPYT = 11 
HRETAIGGERABLEI 


R242 TI 
Counter Timer 1 Register 
(F2y; Read/Write) 


T, INITIAL VALUE (WHEN WAITTEN) 
WAANGE ı 258 DECIMAL 01 00 HER} 


T, CURRENT VALUE (WHEN READ) 


R243 PREI 
Prescaler 1 Register 
(F3y; Write Only) 


EIENCHACHEIENEN 


L COUNT MODE 
0 = T, SINGLE-PASS 
$ = T, MODULO-N 


CLOCK SOURCE 
0 T, EXTERNAL TIMING INPUT 
m) MODE 
I T,INTERNAL 
PRESCALER MODULO 


(RANGE: 1-84 DECIMAL 
01.00 HEN) 


R244 TO 


Counter/Timer 0 Register 


(F44; Read/Write) 


0, Dd, D, 0, D, D,,0,'0%, 
[ T, INITIAL VALUE (WHEN WARITTEN) 


\ (RANGE 1 236 DECIMAL O1 00 HEX) 
T, CURRENT VALUE (WHEN RAD) 


R245 PRED 
Prescaler 0 Register 
(F54; Write Only) 


L COUNT MODE 
0 = 1, SINGLE. PASS 
1 = TR, MODVULON 


AESERVEO 


PRESCALEAR MODULO 
RANGE 1-64 DECIMAL 
01-00 HEX) 


R246 P2M 
Port 2 Mode Register 
(F6y; Write Only) 


EIEMENHHEHEHENEN 


P2, P2, VO DEFINITION 
0 DEFINES BIT AS OUTPUT 


1 DEFINES BIT AS INPUT 


R247 P9M 
Port 3 Mode Register 
(F7u; Write Only) 


0 PORT 2 PULL-UPS OPEN DRAIN 
1 POAT 2 PULL-UPS ACTIVE 


RESERVED 


INPUT P3S OUTPUT 
DAVöınDYo P35 ADYMOAND 


INPUT PM OUTPUT 
INPUT eu OM 
6AVunDYı Pa ADYHOAvI 


INPUT (T, PM OUTPUT Toyı) 
DAvaIHDY2 Ps6 RADraayE 


INPUT par OUTPUT 
SERIALIN P3T SERIAL OUT 


0 PARITY OFF 
I PARITY ON 


Z8 Control Registers 
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R248 POIM R252 FLAGS 
Port 0 and 1 Mode Register Flag R 
(FB: Write Only) (FCy; Rea: rite) 


= 


P0,.P0, MODE -P0, MODE Lusen FLAG FI 
OUTPUT = @ = OUTPUT 
INPUT = 01 01 = INPUT USER FLAG F2 
Ara = IX IK = Ay, HALF CARAY FLAG 
EXTERNAL MEMORY TIMING STACK SELECTION DECIMAL ADJUST FLAG 
NORMAL = 0 0 w EXTERNAL 
EXTENDEO = | 1 = INTERNAL OVERFLOW FLAG 
19-P1, MODE SION FLAG 
do ="BYTE ouTpur Sunrise 
01 = BYTE INPUT 
10 = AD,-AD, CARRY FLAG 


11 = HIGH IMPEOANCE ADo-ADı, AS, DE, R/W, 
As-kaıı, Arz-Aıs IF BELECTED 


R249 IPR R253 AP 
Interrupt Priority Register Register Pointer 
(F9u; Write Only) (FDy; Read/Write) 


RESERVED =]; INTERAUPT GROUP PRIORITY TER L i 
ES AVEG = 0m REGISTER POINTE| DON'T CARE 
as. ınas PRIORITY GROUP A} C>A>B = 001 " DON'T CARE 
0 = INÖS > IrQ3 A>8>C : 00 . 
1 = IAQ3 > IRQ aA>C>B: 00 “ DON'T CARE 
| BER . 
IRQO, IR02 PRIORITY (QROUP ®) . ie 3 = x 2 1 “ = OON'T CARE 
0 > 1RQ2 > IRQO B>A>C = 110 „ 
1 = IRQO > IRQ2 MESEAvED - 111 


IRQ1, IAQ4 PRIORITY (AROUP C) 
0 = IAQ1 > IAQ4 
1 = 1RQ4 > IRQ1 


R250 RQ R254 SPH 
Inteerspt Request Register Stack Pointer 
(FAy; Read/Write) (FEy; Read/Write) 


RESERVED == Zu Be IROO = 32 INPUT STACK POINTER UPPER 


IAQ1 = P3, INPUT BYTE (SP,-SP,y 
IRQ2 = P} INPUT 

IRQ) = Pig INPUT. SERIAL INPUT 

IRQ4 = To, SERIAL OUTPUT 


1 ENABLES IROO-IROS 
1D, = IRON STACK POINTER LOWER 


BYTE (SP,-SP,) 


nos = tr 
| R2S1 IMR R255 SPL 

j Interrupt Mask Register Stack Pointer 

| (FBy; Read/Wrile) (FFy; Read/Write) 
| 


h 


AEBERVEO 


1 ENABLES INTERAUPTS 


Z8 Control Registers 
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Absolute 
Maximum 
Ratings 


Standard 
Test 
Conditions 


DC 
Charac- 
torlatica 


Test Load 
Circulis 


Voltages on all inputs and outputs 
with respect to GND -0.3V to +7.0V 


Operating Ambient 
Temperature 


Storage Temperature 


The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the reference 
pin. Standard conditions are as follows: 


Symbol Parameter Min Max 
VeH Clock Input High Voltage 38 Vcc 
Ver Clock Input Low Voltage -0.3 0.8 

Input High Voltage 2.0 Vcec 

Input Low Voltage -0.3 0.8 

Reset Inpul High Voltage 3.8 

Reset Input Low Voltage -0.3 

Output High Vollage 2.4 

Output Low Voltage 

Input Leakage 

Output Leakage 

Reset Input Curreni 

Vcc Supply Current 


Vum Supply Current 


Siresses grealer ihan those listed under Absolute Maxi- 
mum Ralings may cause permanen! damage Io Ihe device. 
This is a stress rating only; operation of the device al any 
condition above (hose indicaled in Ihe operational sections 
ol these specilications is nol implied. Exrposure to absolute 
mazimum rating conditions for exiended periods may aflect 
device reliability. 

D +4.75VsVocs +5.25V 
DGND = 0V 


00°C sT,<s +70°C 


Unit Condition 
Driven by External Clock Generator 


Driven by External Clock Generator 


Ion = -250 „A 
loı = +2.0 mA 


OV< VS +5.25V 
OV<Vy<+5.25V 


Vcec = +5.25 V, VAL =0V 


v 
v 
V 
v 
V 
v 
v 
V 
[1 
aA 
[7 
mA 


3 
P-} 


- For Ag-Ayı. MDS, SYNE, SCLK and IACK on the Z8-02 version, Ioy = -10 A and Io; = 1.0 mA. 
o-Aıı 


Vec 


FROM OUTPUT 
UNDER TEST 


Test Load 1 
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FROM OUTPUT 
UNDER TEST 


External /O Symbel Parameter Condition 


or Memory 
Read and TAA(AS) Address Valid to Address Strobe Delay Test Load 1 


Write Cyela TdAS(A) Address Strobe to Address Float Delay Test Load I 
TdAS(DI) Address Sirobe to Data In Valid Delay Test Load I 
TwAS Address Strobe Width Test Load I 
TqaA(DS) Address Fioat to Data Sirobe Delay Test Load I 
TwDS Data Strobe Widih (rau) Test Load I 
TdDS(DI) Data Strobe to Data In Valid Delay Test Load | 
ThDS(DI) Data In Hold Time 

TdDS(A) Data Strobe to Address Change Delay Test Load I 
TaDS(AS) Data Strobe to Address Strobe Delay Test Load 1 


TaR(AS) Read Valid to Address Strobe Delay Test Load | 


TdDS(R) Data Strobe to Read Change Delay Test Load | 


TdDO{DS) Data Out Valid to Data Strobe Delay Test Load I 


TdDS(DO) Data Strobe to Data Out Change Delay Test Load I 
TdW(AS) Write Valid to Address Strobe Delay Test Load I 
TdDS(W) Data Sirobe Io Write Change Delay ns Test Load I 


1. Delay limes are specilied for an input clock Irequency ol . Address Strobe and Data Strobe 10 Data In Valid delay limes 
8 MHz. When operaling al a lower frequency, the Increase in represent memory syslern access limes and are given lor an 
input clock period must be added io Ihe specilied delay lime. 8 MHz crystal input Irequency. For lower frequencles; the 

. Date Strobe Widih is apecilied [or an input clock Irequency of change In lour clock parloda must be added to TAAS(DI) and 
8 MHz. When operaling al a lower frequency, the increase in the change in three clock periods adkled to TADS{DI). 
three input clock periods must be added Io the specilied widih. . All timing relerences assume 2.0 V for a logie "1" and 0.8 V 
Data Strobe Widih varies according to Ihe instruclion being lor a logie “0.” 
ezeculed. 


TAwiAS) 
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S 


Z8 


Additional 
Timing 


Parameter Condition 


TpcC Input Clock Period 125 1000 ns 


From Ex- 
ns ternal Clock 
Generalor 


TrC. TIC Input Clock Rise and 25 
Fall Tımes 


From Ex- 
TwC Input Clock Width 37 ns ternal Clock 
Generator 


System Clock Oul Io Address 
TdSC(AS) Strobe Delay Time 


Instruction Sync Oul lo Data 200 


TaSY(DS) Strobe Delay Time 


ns 1,2 


TwSY 


Instruclion Sync Out Width 160 ns 1,2 


Twl Inlerrupt Request Wıdih 100 ns 1 


1 Test Conditions use Tesı Load 2 for SCLK when ouiput lower Irequencies, the change ın Iwo clock periods must be 
through Port 3 and Test Losd 2 on Ihe SCLK and SINE added 
dırec1Sulpuision Ihe.20:02 3 All imıng relerences assume 2.0 V lor a logıc “I” and 08 V 


2 Times gıven assume an 8 MHz crystal ınput frequency For lor a logıe “0.” 


TISC{AS) 


TISCLAS) 


[X} INTERRUPT 
— DATA IN 
I SampLeo sameen —| 
a ae 
Ds READ CYCLE 1 WAITE CYCLE 


TdSYıDS) 
Sync TwSY 
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Symbol Parameter Condition 


TsDI(DA) Data In Setup Time 


ThDA(DI) Data In Hold Time 


e } Input Handshake 
TwDA Data Available Width Test Load I 


Input Handshake 
Data Available Low to Ready ee] 
Delay Time Output Handshake 
Test Load I 


TdDAL(RY) 


Input Handshake 
Data Available High to Ready sus 
Delay Time Output Handshake 
Test Load I 


TdDAH(RY) 


Data Out to Data Available Test Load | 


TdDOIDA) Delay Time 


Ready to Data Available Delay Test Load | 
Ti 


TARY(DA) 


DATA IN 


DAV 
UNPUYT) 


ADY 
{OUTPUT} PORT 
READ 


Input Handshake 


DATA OUT DATA OUT VALID 
TIDOXDA) 


PORT 
BAV WRITE 
(ouTeun 
TaDAL(AY) [_ ToDanıan 
ADY TORY(DA) 
INPUT) \ 
Output Handshake “\___- 


28-02, -03 Symbol Parameter in Max Unit Condition Notes 


eh Port TdA(DI) Address Valid Io Data In 460 ns Testload2 
iming Valid Delay Time 


ThDKA) Data In Hold Time 


1. Delay times are specilied for an ınput clock Irequency ol 
8 MHz. 


2. All timing relerences assume 2.0 V tor a logie "1" and 0.8 V 
tor a logıc "0.” 


TOAlDN) 


DONT CARE DONT CARE 
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Ordering 
Information 


Temperature 


Part Number Range Package Description 


Z8-01 MCC PS 0°C to +70°C Plastic 8-Bit Single-Chip Microcomputer Circuit 
28-01 MCC CS 0°C to + 70°C Ceramic B-Bit Single-Chip Microcomputer Circuil 
28-02 MPD QS 0°C to +70°C Ceramic 8-Bit Microcompuler Development Device 
Z8-03 MPE CS 0°C to +70°C Ceramic B8-Bit Microcomputer Protopack Emulator 


Package 
Information 


40-Pin Ceramic Package Dimensions (CS Package) 


40-Pin Plastic Package Dimensions (PS Package) 


Nolıce Z8 and 2-bus are trademarks ol Zılog, Inc 
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Er FT ri 
28'°-02 MPD Microcomputer Development Device 


Features 


© Microcomputer development device with on-chip RAM 

and I/O 

— 128 bytes of on-chip RAM 

— 24 additional address, data, and control lines for 
external program memory interface 

- 32 1/0 lines 

® Two programmable 8-bit counter/timers, each with a 

&bit programmabie prescaler 

© Full-duplex UART clocked by an internal timer 
© 144 byte register file includes: 

— 124 general-purpose registers, each of which can be 
used as an accumulator, index register, storage 
element, address register or part of the internal stack 

— Four I/O port registers 

— Sixteen status and control registers for programming 
and polling the Z8 Microcomputer 


Ordering Information 


Part Number 
28-02 MPD OS 


Package 


64-Pin Quad In-Line 


Block Diagram 


OUTPUT INPUT Vec GND 


| 


REG. POINTER 


REGISTER FILE 
124 = 8-BIT 


EXTERNAL 
PROGRAM 
MEMORY 
4096 ı 8 BIT 


ß 12 
PAOGRAM 
COUNTER 


TIMER/ 
COUNTERS 
[6] 


INTERRUPT 
CONTROL 


vo ADDRESS OR VO ADDRESSIDATA OR 110 
{BITPROGRAMMABLE) {NIBBLE PROGRAMMABLE) (BYTE PROGRAMMABLE) 


xTaL AS Di RW RESET MDS SYNC SCLK IACK 


MACHINE TIMING & 
INSTRUCTION CONTROL 
8 
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Register pointer permits shorter, faster instructions to 
access one of nine working register groups 

Vectored, prioritized interrupts for I/O, counter/timers 
and UART 

Expandable bus interfaces up to 62K bytes each of 
external program memory and external data memory 
On.chip oscillator can be driven by a crystal, RC, LC 
or external clock source 

High-speed instruction execeution 

— Working-register operations = 1.5 us 

— Average instruction execution = 2.2 us 

— Longest instruction = Bus 

Single +5 volt supply 

All inputs/outputs TTL compatible 


Pin Configuration 


5 Synertek' 


Microcomputer Z8'"-03 MPE 


Protopack'"-Emulator 


PRODUCT 
SPECIFICATION 


ADVANCE 
INFORMATION 


Sıneriek 


MNEOAPORATEO 


Prototyping version of Synertek ZB. 
Piggyback 2716 EPROM program memory. 
Pin-compatible with 28-01 masked-ROM for 


hardware debugging or low-volume production. 


Complete mierocomputer on-chip 
128 bytes of on-chip data RAM- 
32 1/O lines 
Socket for 2716 2Kx8 EPROM 
Two 14-bit counter/timers. 


Vectored priority interrupt system. 

Up to 62K of external data memory. 

Up to 62K of external program memory. 

On-chip crystal, RC, or LC oscillator. 

High-speed instruction execution, 
Working-register operations = 1.545 
Average instruction = 2.2us 

Single +5V supply voltage. 

All inputs/outputs TTL compatible. 


Duplex UART and baud-rate generator. 


The Synertek 28-03 MPE Microcomputer Protopack EPROM plugged into the 24-pin "piggyback’’ socket 
Emulator is a ROM-less version of the Synertek atop the Z8-03 allows pin-compatible emulation of 
Z8 single-chip microcomputer. A removable 2716 the Z8-01 masked-ROM version. 


BLOCK DIAGRAM PACKAGE DRAWING 


OUTPUT INPUT XxTAL AS DS UW RESET 


2718 EPROM® 


EXTERNAL 
EPAOM 
PROGRAM 

MEMORY 


TIMERY 


COUNTER: 
unTers REG. POINTER 


REGISTER FILE 
124 u6BIT 


* NOT INCLUDEO 


vo ADDRESS OR LO ADDRESSIDATA OR 110 
(BITPROGRAMMABLE) (NIBBLE PROGRAMMABLE) (BYTE PROGRAMMABLE) 


Z8 and Protopack are trademarks of Zilog, Inc. 
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Ss] Z8”-03 


Ordering Temperature Number 
Information Part Number Range ot Pins Package Description 


Z8.03MPECS 0°C to +70°C 40 Ceramic 8-Bit Microcomputer Prolopack Emulator 


Package 
Information 


SS sYneRten 
28.03 MPE 


| F 0050 =.01s Bornenns —l--2 003 | 
IE 


ı 
lr- 0.100.010 Typ LG; 000 2/07 TYP 
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Te Tr 
2Z8'”-03 MPE Microcomputer Protopack'* Emulator 


Features 
® Prototyping version of Synertek ZB © Vectored priority interrupt system 
© Piggyback 2716 EPROM program memory ® Upto 62K of external data memory 
© Pin-compatible with Z8-01 masked-ROM for hardware ® Upto 62K of external program memory 
debugging or low-volume production © On-chip crystal, RC, or LC oscillator 
© Complete microcomputer on-chip ® High-speed instruction execution 
— 128 bytes of on-chip data RAM — Working-register operations = 1.5 us 
— 32 1/O lines — Average instruction = 2,2 us 
— Socket for 2716 2K x 8 EPROM © Single +5V supply 
© Two 14-bit counter/timers ® All inputs/outputs TTL compatible 
® Duplex UART and baud-rate generator 
Ordering Information 
Part Number Package 
Z8-03 MPE CS 40-Pin Protopack 
Block Diagram Pin Configuration 


OUTPUT INPUT Vec AND xTaL AS D5 MWARESET 


MACHINE TIMING & 
INSTAUCTION CONTROL 


EXTERNAL 
EPROM 
PROGRAM 
MEMORY 
TIMER 


1 
2 
3 
4 
6 
6 
7 
8 
8 
10 


REGISTER FILE 
124 x 8-BIT 


uo ADDRESS OA VO ADDRESSIDATA OA UO 
(BIT PROGRAMMABLE) (NIBBLE PROGRAMMAGLE) (BYTE PROGRAMMABLE) 


5 Sunertek’ 418 


fe 2 nel ey ln Bag 1 ne Te ee] 
Z-UPC'” Universal Peripheral Controller 


Features 

© Complete general-purpose slave microcomputer 

© High-performance ZB architecture 

© Three 8-bit programmable I/O ports, two with 
handshaking 

© Six-levels of vectored priority interrupts 

© Two 14-bit counter/timers 

e 256 byte register file accessible to master CPU 
and Z-UPC 

© 2K bytes program ROM 

© 2.2 us average instruction execution time at 4 MHz 

© Z-BUS'? 8080-bus compatible versions 


Block Diagram 


Pin Configuration 


vecJ 
rc 

IEO OR P37[] 
I1EIORPSHÜ] 

INT OR P%Ü] 
INTACK OR P3 [] 


PROGRAM 
MEMORY PROGRAM 
AD7-ADy neck ZKn® COUNTER 
CONTROL AND CONTROL PORT 
UNIT j 
HANDSHAKE 
INTERNAL INSTRUCTION BUS 
er REG. POINTER 
— | oe] PORT 
Ds u 
MASTER — REGISTER 
cu - Am FILE 
BUS & CONTROL 25628 
wait Ey 
HANDSHAKE 
Fan PORT 
INT INTERNAL DATA BUS 3 
LSN Tn 
INTACK 
1Eı BUS Ai Z.UPC Tour 
INTERRUPT INTERAUPT 
1EO LOGIC AND FLAGS LOGIC 
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8-Bit Microprocessor SY6500 
Family 


MICROPROCESSOR 
Sinertek PRODUCTS 


INES TATLI 


APRIL 1979 


Single 5 V 35% power supply 

N channel, silicon gate, depletion load technology 
Eight bit parallel processing 

56 Instructions 

Decimal and binary arithmetic 

Thirteen addressing modes 


Instruction decoding and control 
Addressable memory range of up t0 65 K bytes 
“Ready” input 

Direct memory access capability 

Bus compatible with MC6800 

Choice of external or on-board clocks 
True indexing capability 1 MHz, 2 MHz, and 3 MHz operation 
Programmable stack pointer On-chip clock options 

Variable length stack * External single clock input 
Interrupt capability * Crystal time base input 
Non-maskable interrupt 40 and 28 pin package versions 

Use with any type or speed memory Pipeline architecture 

Bi-directional Data Bus 


The SY6500 Series Microprocessors represent the first totally software compatible microprocessor family. This family of 
products includes a range of software compatible microprocessors which provide a selection of addressable memory range, 
interrupt input options and on-chip clock oscillators and drivers. All of the microprocessors in the SY6500 family are 
software compatible within the group and are bus compatible with the MC6800 product offering. 


The family includes six microprocessors with on-board clock oscillators and drivers and four microprocessors driven by 


external clocks. The on-chip clock versions are aimed at high performance, low cost applications where single phase inputs 
or crystals provide the time base. The external clock versions are geared for the multi-processor system applications where 
maximum timing control is mandatory. All versions of the microprocessors are available in 1 MHz, 2 MHz, and 3 MHz 
maximum operating frequencies. 


MEMBERS OF THE FAMILY 


PART NUMBERS 
: 7 ADDRESSING 
Plastic Ceramic 


SYP6502 sYC6502 16 (64 K} 
SYP6503 SYC6503 12 (4 K) 
SYP6504 SYC6504 13 (8 K) 
SYP8505 SYC6505 12 (4 K) 
SYP6506 SYC6506 12 (4. K) 
SYP6507 SYC6507 13 (8 K) 
SYP6512 SYC6512 16 (64. K) 
SYP6513 SYC6513 12 (4 K) 
SYP6514 SYC6514 13 (8. K) 
SYP6515 SYC6515 12 (4 K) 


a 


1S) SYNERTEK" INC. 
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COMMENTS ON THE DATA SHEET 


The data sheet is constructed to review first the basic "Common Characteristics’‘ — those features which are common to 
the general family of microprocessors. Subsequent to a review of the family characteristics will be sections devoted to each 
member of the group with specific features of each. 


SY6500 INTERNAL ARCHITECTURE 


REGISTER SECTION CONTROL SECTION 


RES iA NMI 


INDEX 
Y 


TE 
LO! 
INDEX = 


AEGISTER 
“ 


STACK 
POINT 


INSTAUCTION 
DECODE 


ADDRESS 
BUS 


|_] rmıns 
|] conraoL 
—, (in) 
SY651X 
0, tm 
CLOCK CLOCK 
GENERATOR input [ SYer0x 
INPUT DATA 


LATCH 
{oU} 


z F 
o o 
< < 
4 4 
< d 
z r3 
< [4 
wu w 
G [3 
2 z 


6, our 
e, out 
Am 
DBE 


LEGEND: 


>> “8BIT LINE 


——— «1 BIT LINE 


DATA BUS 


NOTE: 

1. CLOCK GENERATOR 15 NOT INCLUDED ON SY6S1X. 

2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH 
EACH OF THE $Y6500 PRODUCTS. 
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SY6500 


D.C. CHARACTERISTICS 
MAXIMUM RATINGS COMMENT 
Te Eee This device contains input protection against damage due to high 
Rating Symbol Value static voltages or electric fields; however, precautions should be 
Supply Voltage -0.3 0 +7.0 taken to avoid application of voltages higher than the maximum 


Input Voltage Bu -0.3 0 +7.0 rating. 
Operating Temperature Oto +70 
Storage Temperature Tests -55 to +10 | °C | °C 


ELECTRICAL CHARACTERISTICS (Vec = 5.0V # 5%, Ta = 0-70°C) 
(04, ®2 applies to SY651X, Ootin) applies to SY650X) 


Characteristic 


Input High Voltage 
Logic, ©, (in) (650xX) ; Vec 
0.0, (651X) ; Vcc + 0.25 

Input Low Voltage 
Logic, ©, in) (650%) i +0.4 
0.0, (651X) ö +0.2 

Input Loading 

VW) =0V,Voc= 5.25 V) HB 

RDY,S.O. 


Input Leakage Current 
(v. = 0105.25 V, V..=0) 
Logic (Excl. RDY, 5.0.) 
8. 6, (651X) 
(650%) 


© in) 


(v.=0.4t102.4V,V..= 5.25 V) 
DBO-DB7 
Output High Voltage 


V 

A 
uA 
uA 
yuA 
vuA 


Three-State (Off State) Input Current Bl 


(ILoao * -100uAde, Voc = 4.75 V) 


SYNC, DBO-DB7, AO-A15, R/W 


. V 
Output Low Voltage 
U Loao * 1-6mAde, Vec = 4.75 V) 
SYNC, DB0O-DB7, AO-A15, R/W 5 V 


Power Dissipation 
1 MHz and 2 MHz 
3 MHz 

Capacitance 

(V,=0,T, = 25°C, f= 1MHz) 

RES, NMI, RDY, IRG, S.0., DBE 
DBO-DB7 
AO-A15, R/W, SYNC 
®, in) (650xX) 


0, (651%) 
% (651X) 


Note: IRQ and NMi require 3 K pull-up resistors. 
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SY6500 


TIMING DEFINITIONS 
SY651X INPUT CLOCK TIMING 


\ ME FE BE 


A — ee 
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S' SY6500 


DYNAMIC OPERATING CHARACTERISTICS 
(Vec = 5.0 + 5%, Ta = 0° to 70°C) 


Parameter 
Cycle Time 
0, Pulse Width 
% Putse Width 
Delay Between 9 and 0, 
®, and ®, Rise and Fall Times 


Cycle Time 


% 


%ın) High Time 


in) Low Time 


90 Neg to ©, Pos Delay 
Öo Neg to 0, Neg Delay 
% Pos to ® Neg Delay 
0. Pos to A, Pos Delay 
Rise and Fall Time 
Pulse Width 
Pulse Width 


Om) 
9 (our) 


Pour} 
Delay Between ® and 0, 


6, and ®, Rise and Fall Times 
R/W Setup Time 

R/W Hold Time 
Address Setup Time 
Address Hold Time 
Read Access Time 
Read Data Setup Time 
Read Data Hold Time 
Write Data Setup Time 
Write Data Hold Time 
Sync Setup Time 


Syne Hold Time 
ADY Setup Time 


® 
® 
® 
® 
® 
® 
®©® 


Measured between 10% and 90% points on 0) Load = 100 pF. 
waveform. The 2 MHz devices are identified by an "A” 
Measured at 50% points. suffix. 


Load = 1 TTL load +30 pF. The 3 MHz devices are identified by a ”B” 


RDY must never switch states within Tag to suffix. 


end of &,. 
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PIN FUNCTIONS 


Clocks (0,. 8,) 


The SY651X requires a two phase non-overlapping clock 
that runs at the Vee voltage level. 


The SY650X clocks are supplied with an internal clock 
generator. The frequency of these clocks is externally con- 
troiled. Clock generator circuits are shown elsewhere in ıhis 
data sheet. 


Address Bus (AyA,s) (See sections on each micro for 
respective address lines on those devices.) 


These outputs are TTL compatible, capable of driving one 
standard TTL load and 130 pF. 


Data Bus (DB,-DB,) 


Eight pins are used for the data bus. This is a bi-directional 
bus, transferring data to and from the device and peripherals. 
The outputs are three-stäte buffers, capable of driving one 
standard TTL load and 130 pF. 


Data Bus Enable (DBE) 


This TTL compatible input allows external control of the 
three-state data output buffers and will enable the micro- 
processor bus driver when in the high state. In normal 
operation DBE would be driven by the phase two (8,) clock, 
thus allowing data output from microprocessor only during 
@,. During the read cycle, the data bus drivers are internally 
disabled, becoming essentially an open circuit. To disable 
data bus drivers externally, DBE should be held low. This 
signal is available on the SY6512, only. 


Ready (ADY) 


This input signal allows the user to halt the microprocessor 
on all cycles except write cycles. A negative transition to 
the low state during or coincident with phase one (@, } will 
halt the microprocessor with the output address lines 
reflecting the current address being fetched. This condition 
will remain through a subsequent phase two (&,) in which 
the Ready signal is low. This feature allows microprocessor 
interfacing with low speed PRAOMS as well as fast (max. 2 
cycle) Direct Memory Access (DMA). If ready is low during 
a write cycle, it is ignored until the following read opera- 
tion. Ready transitions must not be permitted during % 
time. 


Interrupt Request (IRQ) 


This TTL level input requests that an interrupt sequence 
begin within the microprocessor. The microprocessor will 
complete the current instruction being executed before 
recognizing the request. At that time, the interrupt mask 
bit in the Status Code Register will be examined. If the 
interrupt mask flag is not set, the microprocessor will begin 
an interrupt sequence. The Program Counter and Processor 
Status Register are stored in the stack. The microprocessor 
will then set the interrupt mask flag high so that no further 
interrupts may occur. At the end of this cycle, the program 
counter low will be loaded from address FFFE, and program 
counter high from location FFFF, therefore transferring 
program control to the memory vector located at these 
addresses. The RDY signal must be in the high state for any 
interrupt to be recognized. A 3KS} external resistor should 
be used for proper wire-OR operation. 
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Non-Maskable Interrupt (NMi) 


A negative going transition on this input requests that a 
non-maskable interrupt sequence be generated within the 
microprocessor. 


NMI is an unconditional interrupt. Following completion of 
the current instruction, the sequence of operations defined 
for IRQ will be performed, regardless of the state interrupt 
mask flag. The vestor address loaded into the program 
counter, low and high, are locations FFFA and FFFB 
respectively, thereby transferring program control to the 
memory vector located at these addresses. The instructions 
loaded at these locations cause the microprocessor to 
branch to a non-maskable interrupt routine in memory. 


NMI also requires an external IK resistor to V.. for 
proper wire-OR operations. 


Inputs IR and NMI are hardware interrupts lines that are 
sampled during &, (phase 2) and will begin the appropriate 
interrupt routine on the ®, (phase 1) following the compte- 
tion of the current instruction. 


Set Overflow Flag ($.O.) 


A NEGATIVE going edge on this input sets the overflow 
bit in the Status Code Register. This signal is sampled on 
the trailing edge of ,. 


SYNC 


This output line is provided to identify those cycles in 
which the microprocessor is doing an OP CODE fetch. The 
SYNC line goes high during @, of an OP CODE fetch and 
stays high for the remainder of that cycle. If the RDY line 
is pulled low during the ®, clock pulse in which SYNC went 
high, the processor will stop in its current state and will 
remain in the state until the RDY line goes high. In this 
manner, the SYNC signal can be used to control RDY to 
cause single instruction execution. 


Reset (RES) 


This input is used to reset or start the microprocessor from 
a power down condition. During the time that this line is 
held low, writing to or from the microprocessor is inhibited. 
When a positive edge is detected on the input, the micro- 
processor will immediately begin the reset sequence. 


After a system initialization time of six clock cycles, the 
mask interrupt flag will be set and the microprocessor will 
load the program counter from the memory vector locations 
FFFC and FFFD. This is the start location for program 
control. 


After Vec reaches 4.75 volts in a power up routine, reset 
must be held low for at least two clock cycles. At this time 
the R/W and SYNC signal will become valid. 


When the reset signal goes high following these two clock 
cycles, the microprocessor will proceed with the normal 
reset procedure detäiled above. 


Read/Write (R/W) 


This output signal is used to control the direction of data 
transfers between the processor and other circuits on the 
data bus. A high level on R/W signifies data into the pro- 
cessor; a low is for data transfer out of the processor. 


PROGRAMMING CHARACTERISTICS 


INSTRUCTION SET — ALPHABETIC SEQUENCE 


Add Memory 10 Accumulstor wılh Carıy 
"AND" Memory mıth Accumulator 
Shift lefı One But (Memory or Accumulstor) 


Branch on Carty Clear 

Branch on Carıy Sei 

Branch on Result Zero 

Test Bits ın Memory wıth Accumularor 
@ranch on Result Minus 

Branch on Result nat Zero 

Branch on Result Plus 

Force Break 

Branch on Overftow Clear 

Branch on Overtiow Set 


Clear Carıy Flag 
Ciear Decimal Mode 


Oecrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 


"Excluswe 01” Memory wılh Accumulator 


Increment Memory by One 
Inceement Inden X by One 
Increment Inden Y by One 


Jump 10 New Lacatıom 
Jump to New Location Savıng Return Address 


Load Actumulstor with Memory 
Losd Index X wıin Memory 
Load Inden Y wıin Memory 
Still One Bit Rıghı (Memory or Accumulator) 
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Post Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pult Procettor Status from Stack 


Aotate One Bil Leit (Memory or Accumulatar) 
Aotate One Bit Arght (Memory or Accumulator) 
Return {ram Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator win Bortow 
Ser Carıy Fig 

Set Decimal Mode 

Ser Inıerupt Disable Status 

Store Accumulator ın Memory 

Store Inden X ın Memory 

Store Inder Y ın Memory 


Clear Interrupt Disable But 
Ciear Overliow Fin 

Compare Memory and Accumulator 
Compare Memory and Inden X 
Compare Memory and Inder Y 


No Operation 


ADDRESSING MODES 
Accumulator Addressing 


This form of addressing is represented with a one byte 
instruction, implying an operation on the accumulator. 


Immediate Addressing 


In immediate addressing, the operand is contained in the 
second byte of the instruction, with no further memory 
addressing required. 


Absolute Addressing 


In absolute addressing, the second byte of the instruc- 
tion specifies the eight low order bits of the effective 
address while the third byte specifies the eight high 
order bits. Thus, the absolute addressing mode allows 
access to the entire 65K bytes of addressable memory. 


Zero Page Addressing 


The zero page instructions allow for shorter code and 
execution times by only fetching the second byte of the 
instruction and assuming a zero high address byte. Care- 
ful use of the zero page can result in significant increase 
in code efficiency. 


Indexed Zero Page Addressing — (X, Y indexing) 


This form of addressing is used in conjunction with the 
index register and is referred to as “Zero Page, X” or 
"Zero Page, Y.'' The effective address is calcuated by 
adding the second byte to the contents of the index 
register. Since this is a form of ’Zero Page” addressing, 
the content of the second byte references a location in 
page zero. Additionally due to the "Zero Page’ address- 
ing nature of this mode, no carry is added to the high 
order 8 bits of memory and crossing of page boundaries 
does not oceur. 


Indexed Absolute Addressing — (X, Y indexing) 


This form of addressing is used in conjunction with X 
and Y index register and is referred to as "Absolute, X,” 
and “Absolute, Y." The effective address is formed by 
adding the contents of X or Y to the address contained 
in the second and third bytes of the instruction. This 
mode allows the index register to contain the index or 
count value and the instruction to contain the base 
address. This type of indexing allows any location 
referencing and the index to modify multiple fields 
resulting in reduced coding and execution time. 


OR’ Memory with Arcumulator 
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Transfer Accumutator to Inden X 
Transfer Accumulator 10 Inden Y 
Transter Stack Pointer to Inden X 
Transfer Inden X 10 Accumulator 
Transfer Inden X to Stack Pointer 
Transfer Inden Y 10 Accumulator 


Implied Addressing 


In the implied addressing mode, the address containing 
the operand is implicitiy stated in the operation code of 
the instruction. 


Relative Addressing 


Relative addressing is used only with branch instructions 
and establishes a destination for the conditional branch. 


The second byte of the instruction becomes the operand 
which is an “Offset” added to the contents of the lower 
eight bits of the program counter when the counter is 
set at the next instruction. The range of the offset is 
-128 to +127 bytes from the next instruction. 


Indexed Indirect Addressing 


In indexed indirect addressing (referred to as (Indir- 
ect,X)), the second byte of the instruction is added to 
the contents of the X index register, discarding the 
carry. The result of this addition points to a memory 
location on page zero whose contents is the low order 
eight bits of the effective address. The next memory 
location in page zero contains the high order eight bits 
of the effective address. Both memory locations specify- 
ing the high and low order bytes of the effective address 
must be in page zero. 


Indirect Indexed Addressing 


In indirect indexed addressing (referred to as (Indir- 
ect),Y), the second byte of the instruction points to a 
memory location in page zero. The contents of this 
memory location is added to the contents of the Y index 
register, the result being the low order eight bits of the 
effective address. The carry from this addition is added 
to the contents of the next page zero memory location, 
the result being the high order eight bits of the effective 
address. 


Absolute Indirect 


The second byte of the instruction contains the low 
order eight bits of a memory location. The high order 
eight bits of that memory location is contained in the 
third byte of the instruction. The contents of the fully 
specified memory location is the low order byte of the 
effective address. The next memory location contains 
the high order byte of the effective address which is 
loaded into the sixteen bits of the program counter. 


S' 


PROGRAMMING CHARACTERISTICS 
PROGRAMMING MODEL 


SY6500 


PROCESSOR STATUS REG "pP" 


ACCUMULATOR 
CAAAY 1= TRUE 


INDEX REGISTER ZERO 1 = RESULT ZERO 
IRQ DISABLE 1 = DISABLE 

INDEX REGISTER DECIMALMODE 1=TAUE 

BAK COMMAND I=BRAK 

FAOGRAM COUNTER PC” 

STACK POINTER OVERFLOW  1- TRUE 


NEGATIVE I" NEG. 


mr wma] answer] ner] em [ ne [++] mm 


win BEEIDE USE ENEEINE DIE 
ArlMıc-a 11169 “| 2 61|6|21 71 [5 | 2] 75 
AAM-A 1179 7 2a1|6| 2[31]5| 2 
ch oo 2lea 
BRANCHONCH 11 
BRANCHONC-! m 
BRANCH ON Z-1 

arm 
BAANCH ON N +1 
BRANCH ON 2-6 
BRANCH ONN-6 
ISerg 
BRANCH ON V«@ 
BRANCH ON v+t 
.-c 

.-0o 

.-ı 

.-v 

AM 

wi 

va 

Mm 
Lonz; 


vr 
AyM-A 6 
mei- { 
EIER 

ıny |reıor 

MP JUMP TO NEW LOC 

250 | ISoe 64 21 1umr sus 

LODA|M-A 11149]? ars] 2|Bı 


“u 
“m-Y 


NO OPERATION 
AYM-A 


(RESTOREO) 
„ 


vie 
AESTOREO! 
tee Fig 21 ATAN SUB 
KMI-A 

I-c 

1-D 


ADD 1 TO "N IF PAGE BOUNDARY 18 CROSSEO “INDEM W - NOT MODIFIEO 
ADD I TO IF ORANCH OCCUAS TO SAME PAGE vonder Y “ SUBTAACT M, MEMORY BIT ? 
ADD 2 TO "N“ IF BRANCH OCCUAS TO DIFFERENT PAGE a ACCUMULATOR AND mM, MEMORY BIT 6 
CARAY NOT + BELOW M MEMORY PER EFFECTIVE ADDRESS on N NO CYCLEs 


IF IN DECIMAL MODE Z FLAG 15 INVALID 4 MEMORY PER STACK POINTER EXCLUSIVE OR e NO BYTEs 
ACCUMULATOR MUST BE CHECKEO FOR ZERO RESULT MODIFIED 
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in 


SY6502 — 40 Pin Package 


vosoona0un - 


D 9, (0urı 


Features 


e 65K Addressable Bytes of Memory 
«IRQ Interrupt «e NMI Interrupt 


e On-the-chip Clock 
/ TTL Level Single Phase Input 
Crystal Time Base Input 
« SYNC Signal 
(can be used for single instruction execution) 


e RDY Signal 
{can be used for single cycle execution) 


SY6500 


e Two Phase Output Clock for Timing of Support Chips 


Features 


oe 4K Addressable Bytes of Memory (AB00-AB11} 
« On-the-chip Clock 

«IRQ Interrupt 

e NMI Interrupt 


« 8 Bit Bi-Directional Data Bus 


Features 


+ IRQ Interrupt (6504 only) 

e RDY Signal (6507 only) 

« BK Addressable Bytes of Memory (ABO0-AB12) 
« On-the-chip Clock 


+ 8 Bit Bi-Directional Data Bus 
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SY6505 — 28 Pin Package 


28 De, (0u1} 


[19, (out) 
119, (IN) 


Features 


e AK Addressable Bytes of Memory (ABOO-AB11) 


e On-the-chip Clock 


PaT-Te} Interrupt 


« RDY Signal 


e 8 Bit Bi-Directional Data Bus 


SY6500 


Features 


oe AK Addressable Bytes of Memory (ABO0O-AB11) 
« On-the-chip Clock 

. IRQ Interrupt 

e Two phases off 


« 8 Bit Bi-Directional Data Bus 


Features 


e 65K Addressable Bytes of Memory 
«IRQ Interrupt 

e NMI Interrupt 

«e RDY Signal 

« 8 Bit Bi-Directional Data Bus 

e SYNC Signal 

« Two phase input 


e Data Bus Enable 
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Ss] SY6500 


Features 


e 4K Addressable Bytes of Memory (ABOO-AB11) 
+ Two phase clock input 


« IRQ Interrupt 


.NMi Interrupt 


e 8 Bit Bi-Directional Data Bus 


Features 


« 8K Addressable Bytes of Memory (ABO0-AB12) 
e Two phase clock input 


e IRQ Interrupt 


+ 8 Bit Bi-Directional Data Bus 


SY6515 — 28 Pin Package 


Features 


"e 4K Addressable Bytes of Memory (AB00-AB11) 
«e Two phase clock input 
« IRQ Interrupt 


+ 8 Bit Bi-Directional Data Bus 
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[S| SY6500 


OSCILLATOR CIRCUIT DIVIOE BY 2OA 4 CIRCUIT 
(ONE TTL PACKAGE REQUIRED) (ONE TTL PACKAGE REQUIRED) 


0.06 uF 


9, (B50X) 
0, 1651 


0, 1051x0 


JUMPER ° 
JUMPER “ 


CRYSTAL OUTPUT FREQUENCY 
FREQUENCY fi 
3.579545 MHı 0.094886 MHz 


[4.100004 MI | 2.007192 mn | nosesvo mn | 


A, = 1,8K ohms 
ATAL = IMHr -5MHz 


{CTS KNIGHT MP SERIES 
OR EQUIVALENT) 


A, = 330K ohms 
€," 10pF 


XTAL - CTS KNIGHT MP SERIES 
OR EQUIVALENT 


[S] SYNEATEK” INC. 431 


commodore 


semiconductor group 


950 Rittenhouse Rd., Norrisiown, PA 19403 ® Tel.: 215/666-7950 e TWX: 510/660-4168 


6500/1 ONE-CHIP MICROCOMPUTER 
1 


INTRODUCTION 


The MOS Technology 6500/1 is a complete, high-performance 8-bil NMOS microcomputeg,ön a S Ye) Dip, Ad 
Is totally upward/downward software compalible with all members of the 6500 family. 
M 
A ip 


The 6500/1 consists of a 6502 CPU, an internal clock osclllator, 2048 bytes ol Read O ON 64 bytes 
of Random Access Memory (RAM) and flexible inlerface circuitry. The interface cı Dies > 16bit 
programmable counter/latch with four operating modes, 32 bidirectional input/g@tgut line (indudingWo edge- 
sensitive lines), five inlerrupts and a counter V/O line. 


PRODUCT SUPPORT 
To allow prototype circuit development, Mos Tech- 
nology offers aPROM compatible 64-pin Emulator de- 
vice. This device provides all 6500/1 interface lines 
plus routing the address bus, data bus, and asso- 
ciated control lines off Ihe chip to be connected to 
external memory. 
ORDERING INFORMATION 
Package Frequency Tempf%a 
Number Type Option 
MPS6500/1 Plastic 1 MHz 
MCS6500/1 Ceramic 1 MHz 
MPS65001 A Plaslic 


5 mask programmable ROM 

B static RAM 

bi-direclional TTL compatible VO lines (4 ports) 
« 1 bi-directional TTL compatible counter I/O line 


« 16bit programmable counterllaich with four 
modes 
—Interval Timer — Event Counter 
— Pulse Generator —Pulse Width Measurement 


+ Five Interrupts 
—Resel — Two external edge sensitive 
—Non-maskable —Counter 


® 1.0f 3 frequency references 
—Crystal —Clock —RC (resistor only) 


«e 4 MHz max crystal or clock external frequency 

e 2 MHz or 1 MHz internal clock 

®e 1 „Ss minimum instruclion execution 

« N-channel, silicon gate, depletion load lechnology 
® Single +5V power supply 

« 500 mW operating power 

* Separale power pin lor RAM 

° 40 pin DIP 

CNTR ® 64 pin PROM compatible Emulator device 


CONTROL COUNTER 
REGISTER LATCH 


Interface Diagram 
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FUNCTIONAL DESCRIPTION 
CENTRAL PROCESSING UNIT (CPU) 
Clock Osciliator 


The Clock Osclilator provides the basic timing 
signals used by the 6500/11 CPU. The reference fre- 
quency Is provided by an external source, and can be 
from a crystal, clock or RC network input. The RC net- 
work mode Is a mask option. The external frequency 
can vary from 200 kHz to 4 MHz. The internal Phase 2 
(2) frequency Is one-half Ihe external reference fre- 
quency. A 4.7K ohm resistor will provide nominal 2 
MHz oscillation and 1 MHz Internal operation In the 
RC mask option (+ 35%). 


Timing Control 


The Timing Control Logic keeps track of the 
specific Instruction cycle being executed. Each data 
transfer which takes place between the reglsters Is 
caused by decoding the contents of both the Instruc- 
tion Register and Timing Control Logic. 


Program Counter 


The 16-blt Program Counter provides the addresses 
which step the CPU through sequential instructions 
in a program. The Program Counter Is incremented 
each time an Instruction or data is fetched from 
memory. 


Instrucilon Register and Decode 


Instructions fetched from memory are gated onto 
ihe Internal Data Bus. These instructions are latched 
Into the Instruction Register then decoded, along with 
timing and interrupt signals, to generate conirol 
signals for the various registers. 


Arithmetlc and Logle Unit (ALU) 


All arithmelic and logic operatlons take place In the 
ALU, including incrementing and decrementing inter- 
nal regislers (except the Program Counter). 


Accumulator 


The accumulator is a general purpose 8-bit register 
thal stores the results of most arlthmetic and logic 
operallons. In addition, the accumulator usually con- 
tains one of the two data words used In these opera- 
tions, 


Index Registers 


There are two 8-bit index registers, X and Y. These 
registers can be used for general purpose storage, or 
as a displacement to modify the base address and 
thus obtain a new effective address. Pre- or posi- 
Indexing of indirect addresses Is possible. 


Stack Pointer 


The Stack Pointer Is an B-bl register. It Is automat- 
Ically Incremented and decremented under control of 
the CPU to perform stack manipulatlon under direc- 
tion of either the program or interrupts NMI and IRQ. 
The stack allows simple Implementation of nested 
subroutinss and multiple level interrupts. 


NOTES: ne 
(N Not initialized by RES 


ZERO Au) 
1 = Zaro Rasult 
0 = Non-Zero Assuli 


INTEARUPT DISABLE (1) (2) 
1 = IAQ Interrupt Diaabied 
0 © IAO Interrupt Enabled 


DECIMAL MODE (DI (1} 
1 = Decimal Mode 
0 = Binary Mode 


BAEAK COMMAND (8) (1) 
1 = Brask Command 
0 = Not Break Command 


OVERFLOW (N) 
1 = Overllow Sei 
0 = Overfiow Clear 


NEGATIVE (N) (1) 
% = Negalıre Value 
0 = Positive Value 


2) Set 10 Logic I by RES 


433 


Processor Status Register 


Processor Status Register 


The 8-bit Processor Status Register contains seven 
status flags. Some of the flags are controlled by the 
program, others may be controlled both by the pro- 
gram and the CPU. The 6500 Instruction set contalns 
a number of conditional branch Insiructions which 
are designed to allow testing of these flags. 


Interrupt Logic 


Interrupt logic controls Ihe sequencing of three In- 
terrupts; RES, NMI and IRQ. IRQ Is generated by any 
one of three conditions: Counter Overflow, PAO 
Positive Edge Detected, and PA1 Negative Edge De- 
tecied. 


MEMORY 
2048 x 8 ROM 


The 2048 byte Read-Only Memory (ROM) contains 
the program Instructions and other flxed constants. 
These program Instructions and constants are mask 
programmed Into the ROM during fabrication of the 
6500/1 devica. The 6500/1 ROM Is memory mapped 
trom B00 to FFF. 


64 x8 RAM 


The 64 byte Random Access Memory (RAM) Is used 
for read/write memory during system operallon, and 
contains the stack. This RAM Is completely statlc In 
operation and requires no clock or dynamic refresh. A 
standby power pin, VRR, allows RAM memory to be 
maintained on 10% of the operating power In the 
event that VCC power Is lost. 


In order to take advantage of effichent zero page ad- 
dressing capabilities, {he RAM Is assigned memory 
addresses O to O3F. 


INPUT/OUTPUT 
Bidirectional VO Ports 


The 6500/1 provides four &-bit Input/output ports 
(PA, PB, PC, and PD). Associated with the VO ports 
are four 8-bit registers located on page zero. See the 
systern memory map for specific addresses. Each I/O 
line Is Individually seleciable as an Input or an output 
without line grouping or port association restrictions. 


An Internal active transistor drives each \/O line to 
the low state. An Internal passive resistance nulls the 
WO Iines to the high state, eliminating the need for ex- 
ternal pull-up resistors. 


An option Is avallable to delete the Internal pull-up 
resistance on 8-bit pori groups or on the CNTR Iine al 
mask time. This option is employed to permanently 
assign an 8-bit port group to input functions, to inter- 
face with CMOS drivers, or to interface with external 
pull-up devices. 


Inputs 


Inputs are enabled by setling the appropriate bit of 
ihe VO port to the high state (Logic 1). A low input 
signal causes a logic O to be read. A high Input signal 
causes a logic 110 beread. RES loads Logic 1 into the 
NO ports, thereby Inltiallzing all I/O lines as inputs. 


Outputs 


Outputs are set by loading the desired bit pattern 
Into the corresponding VO ports. A Logic 1 selects a 
high output; a Logic O selects a low ouiput. 


CONTROL REGISTER 


The Control Register (CA) controls four Counter 
operating modes and ihree maskable interrupts. I 
also reports the status of three interrupt conditions. 
There are flve control bits and three status bits. The 
control bits are set to Loglc 1 or cleared to Logic O by 
writing the desired state Into the respective bit posi- 
tions. The Control Register Is cleared to Logic O by the 
occurrence of RES. 


00 = intemal Tier 

O1 = Prim Genwrator 

10 = Evanl Counter 

11.= Pulse Win 

PA1 INTERAUPT ENABLE (AllE} 
1 = Enabis PA Interrupl 

0 x Disabie PA} Intereupi 

PAD INTERRUPT ENABLE (AUIE) 
1 = Enabie PAO Ini« 

0 = Disabla PAO Interrupl 


ER 


EDGE DETECT CAPABILITY 


There Is an asynchronous edge detect capability on 
two of the Port A /O lines. This capabillty exIsts in ad- 
ditlon to and Independently from the normal Port A 
WO functions. The maximum rate at which an edge 
can be detected Is one-half the @2 clock rate. The 
edge detect logic is continuously active. Each edge 
detect signal is assoclated with a maskable Interrupt. 


PAO Positive Edge Detection 


A positive (rising) edge is detectable on PAO. When 
this edge is detected, the PAO Positive Edge Detected 
bit—Bit 6 In the Control Register—is set to Logic 1. 
When both this bit and the PAO Interrupt Enable 
Bit—Bit 3 of the Control Register—are set to Logic 1, 
an IAQ inlerrupt requesi is generated. The PAO 
Posilive Edge Detected bit is cleared by writing to ad- 
dress 089. 


PA1 Negative Edge Detecilon 


A negative (falling) edge Is detectable on PA1. 
When this edge Is detected, ihe PA1 Negative Edge 
Detected bit—Bit 5 of the Control Register—Is set to 
Logic 1. When both this bit and the PA1 Interrupt 
Enable bit—Bit_2 of Ihe Control Register—are set to 
Logic 1, an IRQ interrupt request Is generated. The 
PA1 Negative Edge Detecied bit Is cleared by writing 
to address 08A. 


COUNTERALATCH 


The Counter/Latch consists of a 16-bit decrement- 
ing Counter and a 16-blt Latch. The Counter Is com- 
prised of two B-bit registers. Address 086 contalns the 
Upper Count (UC) and address 087 contains the Lower 
Count (LC). The Counter counis either ©2 clock 
perlods or occurrences of an external event, depend- 
ing on the selected counter mode. The UC and LC can 
be read at any time wiihout affecting counter opera- 
tion. 


The Latch contains the Counter preset value. The 
Latch consists of two 8-bit registers. Address 084 con- 
tains the Upper Latch (UL) and address 085 contalns 
the lower latch (LL). The 16-bit Latch can hold a count 
from 0 to 65,535. The Latch can be accessed as two 
write-only memory locallons. 


The Latch registers can be loaded at any lIme by 
storing into UL and LL The UL can also be loaded by 
writing Into address 088. 


The Counter Yan be preset at any time by writing to 
address 088. Presetling the Counter in this manner 
causes the conterits of the accumulator io be stored 
Into the UL before the 16-blt value In the Latch (UL and 
LL) Is trangferred in the Counter (UC and LC). 


The Counter Is presei to the Latch value when the 


COUNTER INTERRUPT ENABLE ICIE) 

1 m Enabie Counier Interrupt 

0 = Disabie Counter Inlerrupt 

PAı NEGATIVE EDGE DETECTED (A1ED) 
1 = PA1 Neyallve Edge Dwieciad 

0 = PA1 Negative Edge Nol Dariected 


PAD POSITIVE EDGE De ADED) 


Counter overflows. When the counter decrements 
from 0000, Counter overflow occurs causing ihe next 
counter value to be the Latch value, not FFFF. 


When the Counter overflows, Counter Overflow 


0. Ive Eoge Nor Datactei bIt—Bil 7 of the Control Register—is set to Logic 1. 
SOUNTER OVERFLON EIN When both this bit and the Counter Interrupt Enabie 
2 No Cana bIt—Bit 4 of the Control Register—are set, an IRQ In- 


terrupt request Is generated. The Counter Overtlow bit 
In the Control Register can be examined in an IRQ In- 
terrupt service routine to delermine that the IRQ was 
generated by Counter overflow. 


Control Register 
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The Counter Overflow bit Is cleared when the LC Is 
read or Counter preset is performed by writing Into ad- 
dress 088. 


COUNTER MODES 
The Counter operates In any of four modes. These 


modes are selected by the Counter Mode Control bits 
In the Control Raglster. 


Mode CNC 1 CMCO 
Interval Timer [1] [} 
Pulse Generator 0 1 
Event Counter 1 0 
Pulse Width Measurement 1 1 


The Interval Timer, Pulse Generator, and Pulse 
Width Measurement Modes are ®2 clock counter 
modes. The Event Counter Mode counts the occur- 
rences of an external event on the CNTR line. 


Interval Timer (Mode 0) 


In this mode the Counter is free running and decre- 
ments at the ®&2 clock rate. Counter overfiow sets the 
Control Register status bit and causes the Counter to 
be preset to the Latch value. 


The CNTR line is held in the high state. 
Pulse Generator (Mode 1) 


In this mode the Counter is Iree running and decre- 
ments at the &2 clock rate. Counter overflow sets the 
Control Register slatus bil and causes the Counter io 
be preset to Ihe Latch value. 


The CNTR line toggles from one state to the other 
when Counter overflow occurs. Writing lo address 088 
will also toggle the CNTR line. 


A symmetric or asymmetic output waveform can 
be generated on the CNTR line in Ihis mode. A one- 
shot waveform can easily be generated by changing 
from Mode 1 t0 Mode 0 after only one occurrence of 
the output toggle condition. 


Event Counter (Mode 2) 


In this mode the CNTR line is used as an event in- 
put line. The Counter decrements each time a rising 
edge Is detected on CNTR. The maximum rate at 
which this edge can be detected is one-half the ©2 
clock rate. Counter overflow sets the Control Register 
status bit and causes the Counter to be preset to the 
Latch value. 


Pulse Width Measurement (Mode 3) 


This mode allows the accurate measurement of ihe 
duration of a low state on the CNTR Iine. The Counter 
decrements at ihe ®2 clock rate as long as the CNTR 
line is held in the low state. The Counter Is stopped 
when CNTR is In the high state. Ifthe CNTR pin is left 
disconnected, Ihis mode may be selected to stop the 
Counter since the Inlernal pull-up device will cause 
the CNTR input to be in the high state. 


RESET CONSIDERATIONS 
The occurrence of RES going from low to high 


causes initialization of various conditions in the 
650071. All of Ihe WO ports (PA, PB, PC, and PD) and 


CNTR are lorced to the high (Loglc 1) state. All bits of 
Ihe Control Register are reset to Logic 0, causing the 
Interval Timer Mode (Mode 0) to be selected and all in- 
terrupt enabled bits to be cleared. Neither the Latch 
nor the Counter regisiers are Initiallzed by RES. The 
Interrupt Disable bit In the CPU Processor Status 
Register is set and the program starts execution at 
ine address contained In the Reset Vector location. 


TEST LOGIC 


Speclal test logic provides a method for thoroughiy 
testing the 6500/1. ApplyIng a + 10V signal to the RES 
line places the 650071 in the test mode. While In this 
mode, all memory fetches are made from Port PC. Ex- 
ternal test equipment can use this feature 10 test In- 
ternal CPU logic and /O. A program can be loaded In- 
to RAM allowing the contents of the Instruction ROM 
to be dumped to any port for external verlfication. 


All 6500/1 microcomputers are tested by MOS 
Technology using this feature. 


MEMORY ADDRESSABLE LO 


The I/O ports, registers, and commands are treated 
as memory and are assigned speciflc addresses. See 
the sysiem memory map for the addresses. This l/O 
technique allows the full set of CPU instructions to be 
used in the generation and sampling of I/O com- 
mands and data. When an instructlon Is executed 
with an VO address and appropriate A/W state, the 
corresponding I/O funclion is performed. 


SYSTEM MEMORY MAP 


IRQ Vector High 
IRQ Vector Low 

RES Vector Low 
NMI Vector High 
NMI Vector Low 


ROM 


User Program 


Clear PA1 Neg Edge Detected (1 


) 
Clear PAO Pos Edge Detected [D) 
Upper Latch and Transler Laich 
to Counter 
Lower Count 
Upper Count 
Lower Laich 


PORTB 
PORTA 


Inpu/Output 


Notes: 
(1) WO command only; i.e., no stored data. 
(2) Clears Counter Overflow—Bil 7 in Control Register. 


INSTRUCTION SET—ALPHABETIC SEQUENCE 


ADC Add Memory to Accumulator with Carry LDA Load Accumulator with Memory 
AND AND" Memory with Accumulalor LDX Load Index X with Memory 
ASL Shift Left One Bit (Memory or Accumulator) LDY Load Index Y wiih Memory 
BCC Branch on Carry Clear LSA Shift One Bit Right (Mernory or Accumulator) 
BCS Branch on Carry Set NOP No operation 
BEO Branch on Result Zero ung 
BIT Test Bits In Memory wlih Accumulator ORA "OR" Memory with Accumulator 
BMI Branch on Result Minus PHA Push Accumulator on Stack 
BNE Branch on Result not Zero PHP Push Processor Status on Stack 
BPL Branch on Result Plus PLA  Pull Accumulator from Stack 
BAK Force Break PLP  Pull Processor Status Irom Stack 
BVC Branch on Overflow Clear ROL Rotate One Bil Left (Memory or Accumulator) 
BVS Branch on Overflow Set ROR Rotate One Bit Right (Memory or 
CLC Clear Carry Flag Accumulator) 
CLD Clear Decimal Mode ATI _ Retum from Interrupt 
CLi Clear Interrupt Disable Bit ATS Retum from Subroutine 
CLV Clear Overfiew Flag SBC Subtract Memory from Accumulator with 
CMP Compare Memory and Accumulator Borrow 
CPX Compare Memory and Index X SEC Set Carry Flag 
CPY Compare Memory and Index Y SED Set Decimal Mode 
DEC Decrement Memory by One SEI Set Interrupt Disable Status 
DEX Decrement Index X by One STA Store Accumulator In Memory 
DEY Decrement Index Y by One STX Store Index X In Memory 

STY Store Index Y In Memory 
EOR “Exclusive-or" Memory with Accumulator 

TAX Transfer Accumulator to Index X 
INC _Increment Memory by One TAY Transfer Accumulator to Index Y 
INX _Increment Index X by One TSX Transfer Stack Polnter to Index X 
INY  Increment Index Y by One TXA Transfer Index X to Accumulator 
JMP Jump to New Location TXS Transfer Index X to Stack Register 
JSR Jump to New Location Saving Return Address TYA Transfer Index Y lo Accumulator 


650011 Block Diagram 


ROM uO PROGRAM || PROGRAM 
248 18 ADDRESS COUNTER COUNTER 
DECODE HIGH (PCHI LOW (PCUI 


EEE 


INTERNAL DATA EU 


LOGIC 


ARITHMETIC STACK INDEX INDEX 
& POINTER REGISTER REGISTER 
UNIT (ALU) [o} x Y 


ng 


UAITABE ARE: 


INSTRUCTION Demm—ungl INSTAUGTION 
DECODE REGISTEA 


en a | 


PDO-PD7 PCo-PC? PBO-PB7 PAO-PA7 


[fe] vo vo vo EDGE N ONTROL 


COUNTER LATCH INTERRUPT TIMING 
ve) 116) LOGIC CONTROL D A 


CNTR NMI RES ro xru 
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SIGNAL DESCRIPTIONS 


SIGNAL 
NAME 


lee; 
VAR 


vss 


XTLI 
XTLO 


RES 


PIN 
NO. 


% 
1 


12 
10 


11 


DESCRIPTION 


Main power supply +5V 


Separate power pin for RAM. In the 
event that VCC power is lost, ihis 
power retains RAM data. 


Signal ground 

Crystal, clock or RC network Input 
tor Internal clock oscillalor. 
Crystal or RC network oulput from 
Internal clock oscillator. 


The Reset Input Is used to Inltialize 
the 6500/1. This signal must not 
transition from low to high for at 
least eighl cycles after VCC 


reaches operaling range and the in- 


ternal osclllator has stabllized. 
+ 10V input enables the test mode. 


oo so nn 2a on -—- 


—_ 
[=] 


11 


Per ee GE GE GES 
oaua20o0Dn 


SIGNAL PIN 


NAME 


NMI 


PAO-PA7 38-31 
PBO-PB7 29-22 
PCO-PC7 20-13 


NO. 
40 


PDO-PD7’ 92 


CNTR 


Pin Configuration 
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21 


DESCRIPTION 


A negative going edge on the Non- 
Maskable Interrupt signal requesis 
ihat a non-maskable interrup! be 
generated within the CPU. 


Four 8 bil ports used for elther 
input/outpul. Each IIne consists 
of an active translistor Io VSS and 
a passive pull-up to +5V. The Iwo 
lower bits of the PA port (PAO and 
PA1) also serve as edge detect In- 
puts with maskable interrupls. 


This line is used as a Counter in- 
pul/output line. CNTR is an Input In 
the Event Counter and Pulse Width 
Measurement modes and is an out- 
put In the Intervat Timer and Pulse 
Generator modes. 


ADDRESSING MODES 


ACCUMULATOR ADDRESSING— This form of ad- 
dressing Is represented with a one byte instruction, 
Implying an operation on the accumulator. 


IMMEDIATE ADDRESSING—In immediate ad- 
dressing, the operand is contained In the second byte 
of Ihe Instruction, with no furiher memory addressing 
required. 


ABSOLUTE ADDRESSING—In absolute address- 
Ing, the second byte of Ihe instruclion specifles the 
elght low order bits of the effeclive address while Ihe 
third byte specifles the eight high order bits. 


ZERO PAGE ADDRESSING—The zero page in- 
structlons allow for shorler code and execution times 
by only fetching the second byte of the instruction 
and assuming a zero high address byte. Careful use 
of the zero page can result in significant increase in 
code efficiency. 


INDEXED ZERO PAGE ADDRESSING —(X, Y index- 
ing)— This form of addressing is used in conjunction 
with the index register and is referred to as "Zero 
Page, X” or "Zero Page, Y." The effective address is 
calculated by adding the second byte to Ihe contents 
of the index register. Since this is a form of “Zero 
Page" addressing, the conlent of ihe second byte 
references a location in page zero. Additionally due to 
the "Zero Page” addressing nature of ihis mode, no 
carry is added Io the high order 8 bits of mernory and 
crossing of page boundaries does not occur. 


INDEXED ABSOLUTE ADDRESSING—(X, Y index- 
Ing)— This form of addressing is used in conjunction 
with X and Y index register and is referred 10 as "Ab- 
solute, X", and "Absolule, Y." The effective address is 
formed by adding the contents ol X or Y to the ad- 
dress contained in the second and third bytes of ihe 
instruction. This mode allows the index regisler to 
conlain the Index or count value and the instruclion to 
contaln the base address. This type of indexing 
allows any location referencing and the Index to 
modify multiple fields resulting in reduced coding and 
execution time. 
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IMPLIED ADDRESSING—In the implied address- 
Ing mode, the address contalning the operand Is im- 
plicitiy stated In the operation code of the instructlon. 


RELATIVE ADDRESSING— Relative addressing Is 
used only with branch instructions and establishes a 
destination for the conditlonal branch. 


The second byte of the Insiruction becomes the 
operand which Is an "Offset" added to the contents of 
the lower elght bits of the program counter when the 
counter is set at Ihe next instruction. The range of the 
offset Is — 128 to + 127 bytes from the next Instruc- 
tion, 


INDEXED INDIRECT ADDRESSING —In Indexed in- 
direct addressing (referred lo as [Indirect, X]), the se- 
cond byte of Ihe instruction Is added Io the contents 
ot the X index register, discarding the carry. The result 
of this addition points to a memory location on page 
zero whose contenis Is the low order eight bits of ihe 
effective address. The next memory location in page 
zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high 
and low order bytes of the effective address must be 
In page zero. 


INDIRECT INDEXED ADDRESSING-—In indirect 
indexed addressing (referred to as [indirect, Y]), 
the second byte of the instruction points to a 
memory localion in page zero. The contents of this 
memory location are added to Ihe contents of the 
Y index register, the result being the low order 
eight bils of the effective address. The carry from 
this addition is added to the contents of the next 
page zero memory location, the result being Ihe 
high order eight bits ol the effective address. 


ABSOLUTE INDIRECT—The second byte of the 
instruction contains the low order eight bils of a 
memory location. The high order eighi bils of that 
memory location are contained in the 1hird byte of 
the instruction. The contents of Ihe fully specified 
memory location are the low order byte of the 
effective address. The next memory location con- 
tains the high order byte of the effective address 
which is loaded into the sixteen bils of the pro- 
gram counter. 


INSTRUCTION SET 


INSTRUCTION SET — OP CODES, Execution Time, Memory Requirements 


[77777707 
MRamcn Om Ct 


INEBTORED) 


ADD TO 1 PAGE BONMDARY IE CROIIEO 

AOL TO m IE BRANCH OCCUMS TO Laut Pac 

A0D I TO "m 7 BRAmCm OCCUMS TO MI TERENT PACL 

CARAY OT - BILOW “0 Cru 
In ma DECmaaı MODE 7 FLAG IE © 


value on ers 
ACCUMULATOR mnyET BE CHACEED FOm Zno mesun? oo 


Note: MOS Technology cannot assume Ilabillty for the use of undellned OP Codes 
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SPECIFICATIONS 


Maximum Ratings 


-03t0 +70 


Supply Voltage 
Input Voltage 
Operating Termperature Range 


-0.3t0 +70 


0t0 +70 


-5510 +150 


Storage Temperature Range Tgtg 


This device contalns cIrcuitry to protect the Inputs against damage due to high static voltages, however, Il Is ad- 
vised that-normal precautlons be taken lo avold application of any voltage higher than maximum rated voltages to 
this clrcult, 


Static D.C. Characteristics (Vcc = 5V +5%, Ta = 0° -70° C) 


Power Dissipation (Outpuls High) 

RAM Standby Voltage (Retention Mode) 

RAM Standby Current (Retention Mode) 
Input High Voltage (Normal Operating Levels) 
Input Low Voltage (Normal Operating Levels) 


Input Leakage Current 
Vin = 0t0 5.0 Vde 


RES, NMI 
Input High Voltage (XTLI) 
Input Low Voltage (XTLJ) 
Input Low Current 
VL = 0.4 Vdc) 
Output High Voltage 
(cc = min, ILoad = - 100 „Adc) 
Output High Voltage 
OoE Low Vellage 
(cc = min, ILoad = 1.6 mAdc) 
Output High Current (Sourcing) 
VoH = 2.4 Vdc) 
Output Low Current (Sinking) 
(or = 0.4 Vdc) 
Input Capacitance 


Vin-,0, Ta = 25°0, 1.= 10 MHz) 
PA, PB, PC, PD, CNTR 


XTLI, XTLO 
Output Capacitance 
(Vin- 0, Ta = 25°C, f = 1.0 MHz) 
WO Port Resistance 


PAO-PAT, PBO-PB7, PCO-PC7, 
PDO-PD7, CNTR 


NOTE: Negative sign Indicates outward current flow, posliive indicates Inward flow. 
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AC Characteristics Vec = 5V #5%, Ta = 0° to 70°C) 


Parameter Symbol Min 
XTLI Input Clock Cycle Time Teyc 0.500 
Internal Wrile lo Peripheral Data Valid (TTL) Tppw 10 
Internal Write to Peripheral Data Valid (CMOS) TcMos 20 


Peripheral Data Setup Time Tppsu 400 


Count and Edge Detect Pulse Width Tpw 10 


TIMING CHARACTERISTICS 


WO PORT OUTPUT TIMING 


PA, P&. PC. PD OUTPUT 


WHO PORT INPUT TIMING 


PA. PB. PC. PDINPUT 


PAO AND PA1 EDGE DETECT TIMING 


PAOor PAı 


LI] 


CNTRA 
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commodore 


mos technology 


950 Rıttenhouse Ad. Norrisiown, PA 19403 « Tal. 215/666-7950 « TWX. 510/660-4168 


65C00 MICROPROCESSORS. 


THE 65C00 MICROPROCESSOR FAMILY CONCEPT — 


The 65C00 Series Microprocessors represent the first totally software compatible microprocessor 
family. This family of products includes a range of software compatible microprocessors which provide a 
selection of addressable memory range, interrupt input options and on-chip clock oscillators and drivers. All of 
the microprocessors in the 65C00 groupare software compatible within tha group and are bus compatible with 
the M6800 product offering. 


The family includes six microprocessors with on-board clock oscillators and drivers and four micropro- 
cessors driven by external clocks. The on-chip clock versions are aimed at high performance, low cost 
applications where single phase inputs, crystalor RC inputs provide the time base. The external clock versions 
are geared for the mult| processor systern applications where maximum timing control is mandatory. All 
verslons of the microprocessors are available in 1 MHz maximum operating frequencies. 
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MEMBERS OF THE 65C00 MICROPROCESSOR 
FEATURES OF THE 6500 FAMILY (CPU) FAMILY 
Microprocessors wilh On-Chip Clock Oscillator 


e Single +5 volt supply > model Addressable Memory 
© Elght bit parallel processing, | Ri A Veen = 


© 56 Instructions ft, % BR: MPS65C04 8K Bytes 


© Decimal and binary ari 5 ME 55 4K Bytes 
e Thirteen addressing Ra, i Nur 65: 4K Bytes 
@ True indexing apa MPS65C07 8K Bytes 


® Programmable gJac ters, x Microprocessors with Extemal Two Phase 
® Varlable lengtp st EV Clock Inputs 
® Interrupt MPS65C12 65K Byles 


MPS65C13 4K Byles 
e Non-mas MPS65014 8K Bylos 
MPS65C15 4K Bytes 


ORDER NUMBER: 
MXS B8SCHX 


® Cholce of external or on-board clocks 

e 1 MHz operation 

e On-the-chlp clock options MODEL DESIGNATOR 
"External single clock Input xX = 02,09,04,...15 
“RC time base input 
“Crystal time base input PACKAGE DESIGNATOR 

® Pipeline architecture 


T ‚Inc. m Optoslectronics, Inc. 
950 Rıttenhouse Rd, Nomstown. PA 19403 com odore 4350 Beitwood Parkway South, Dallax. TX 75234 
Tel: 215/666:7950 TWX 510/660-4186 semiconductor group Teı 2)4/387-0006 TLx 730969 
Commodore Electronics Lid. 
rontier Manufacturing, Inc Sting Dao Indusinal Bunaing 
3085 N. Airway Ava. Costa Mesa, CA 92626 442 232 Aberdeen Maın Rd. Hong Kong 


Tel: 714/979-6300, TIX: 685649 Tel 5/540241. TLX 78065366 8/81 


COMMENTS ON THE DATA SHEET 


The data sheet Is constructed to review first the basic “Common Characteristics"—those features 
which are common to the general family of microprocessors. Subsequent to a review of the family 
characleristics will be sections devoted to each member of the group with specific features of each. 


COMMON CHARACTERISTICS 


w—— REGISTER SECTION CONTROL SECTION —— 


INSTRUCTION 
ODE 


On) 
6512.13.14.18 
Ozln) 
"Tarus" Lock } 6502.3.4,5.6,7 
REGISTER wu nt 
Bun) 
DT 
Qz0U17 
um 
DBE 6312 


LEGEND 


tt “ERITLINE 


| "ImMTLINE 


Note 1. Clock Generator Is not Included on 65012,13,14,15 


2. Addressing Capability and control options vary with 
each of the 65C00 Products. 


65C00 Internal Architecture 


443 


COMMON CHARACTERISTICS | 


MAXIMUM RATINGS 


[em ms [me Tor] 


SUPPLY VOLTAGE 


This device contains Input protection 
-03t0 +7.0 agalnsı damage due 10 high static 


INPUT VOLTAGE Vin 
OPERATING TEMPERATURE T 


STORAGE TEMPERATURE Tgrg 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 
1, 22 (in) applies to 65012, 13, 14, 15 


Input High Voltage 
LoQIc.D« (in) 
On) 


Input High Voltage 
RES, NMI, ROY, IRQ, Data, S.O. 


Input Low Voltage 
LogIC.®. Iny 
A,&un) 


RES, NMI, RDY, IRQ, Data, 5.0. 


input Laakage Current 
Yın = 0105.25%, Vo = 52M) 
Logic (Excel. RDY,S.O.) 
kun) 
Dean 


voltages or electric fields; however, 
„03t0 +70 precautions should be taken to avold ap- 
0 w+n% plicallonı of voltage higher than the 
maximum rallng. 
-5 to +150 


5%, Ves =0, TA= 0° to + 70°C) 
; do (in) applies to 65C02, 03, 04, 05, 06 and 07 


Three State (Off State) Input Current 
Yin= 0.410 24V, Voc = 5250) 
Data Lines 


Output High Voltage 
(on = - 10WDuAdc, Vec = 4.75V) 
BYNC, Data, AOA15, RW 


Out Low Vollage 


Oo, = 1.0mAde, Vec = 4.759) 
BYNC, Data, AO-A15, RW 


Note: IRQ and NASI require 3K pull-up resistare. 


COMMON CHARACTERISTICS 


Clock Timing — MCS85C02, 03, 04, 05, 06, 07 Clock Timing — MCS65C13, 14, 15 


| IFoo "oo 


ı 
Timing for Reading Data trom Memory or Peripherais 
ı l I 


I 
Timing for Reading Data from Memory or Peripiverals 
I | 


Timing tor Writing Data to Memory or Peripherals 


Timing tor Writing Data to Memory or Peripherals 


COMMON CHARACTERISTICS 


1 MHz TIMING 
Electrical Characteristics: (Voc = 5V + 5%, Vss = 0 V, Ta = 0°-70°C) 


CLOCK TIMING — 65C02, 03, 04, 05 


EEHARSETENBEL = = 2 22 Dmansk = Mn | me man | 


Cycle Time TcYc 

Doxın) Pulse Width (measured at 1.5v) PWHBo 

Bo un) Rise, Fall Time TRBo.TF@o 

Delay Time between Clocks (measured at 1.5v) TD 

04(ouT) Pulse Width (measured at 1.5v) PwHQ1 PWHBOoL-20 
P®210UT) Pulse Width (measured at 1.5v) PWHQ2  |PWHBOH-4O 


@41(01u7, Ba1ouT) Rise, Fall Time TR, TF _ 
(measured .8v to 2.0v) 
(Load % 30pf % 1 TTL) 


CLOCK TIMING: 65012, 13, 14, 15 


Cycle Time 


Clock Pulse Width 91 
(Measured at Vec — 0.2V) 22 


Fall Time, Rise Time 
(Measured from 0.2v to Vec — 0.2v) 


Delay Time between Clocks 
(Measured at 0.2v) 


Read/ Write Setup Time from 65C00 
Address Setup Time from 65C00 
Memory Read Access Time 

Data Stability Time Period 

Data Hold Time — Read 

Data Hold Time — Write 

Data Setup Time from 65C00 
S.O. Setup Time 

SYNC Setup Time from 65C00 
Address Hold Time 

RW Hold Time 

RDY Setup Time 
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COMMON CHARACTERISTICS 
65C00 SIGNAL DESCRIPTION 


Clocks (2,, 2.) 
The 65C1X requires a two phase non-overlapping clock that runs at the Vcc voltage level. 
The 65C0X clocks are supplied with an internal clock generator. The frequency of these clocks is externally controlled. 


Address Bus (A,A,.) 
These outputs are TTL compatible, capable of driving one standard TTL load and 1% pf. 


Data Bus (D,-D,) 
Eight pins are used for the data bus. This is a bi-directional bus, transferring data lo and from the device and peripherals. The 
outputs are tri-state buffers capable of driving one standard TTL load and 130pf. 


Data Bus Enabie (DBE) 

This TTL compatible input allows external control of the tri-state data output bulfers and will enable Ihe microprocessor bus 
driver when in the high state. In normal operation DBE would be driven by the phase two (©,) clock, thus allowing data output 
from microprocessor only during ©,. During the read cycle, the data bus drivers are internally disabled, becoming essentially an 
open circuit. To disable data bus drivers externally, DBE should be held low. 


Ready (RDY) 

Tnis input signal allows the user to single cycle the microprocessor on all cycles except write cycles. A negative transition to 
the low state during or coincident with phase one (®,) and up to 100ns after phase two (9,) will halt the microprocessor with the 
output address lines reflecting the current address being letched. This condition will remain through a subsequent phase two 
(2,) in which the Ready signal is low. This feature allows microprocessor interfacing with low speed PROMS as well as fast (max. 
2 cycle) Direct Memory Access (DMA,). If Ready is low during a write cycle, it is ignored unlil Ihe following read operation. 


Interrupt Recwest (IRQ) 

Tnis TTL level input requests that an interrupt sequence begin within the microprocessor. The microprocessor will complete 
the current instruction being executed before recognizing the request. At that time, Ihe interrupt mask bit in the Status Code 
Register will be examined. If the interrupt mask flag is not set, the microprocessor will begin an interrupt sequence. The Program 
Counter and Processor Status Register are stored in the stack. The microprocessor will then set the interrupt mask flag high so 
that no further interrupts may occur. At the end of this cycle, the program counter low will be Ioaded from address FFFE, and pro- 
gram counter high from localion FFFF, therefore transferring program control to the memory veclor located at ihese addresses. 
The RDY signal must be in the high state for any interrupt to be recognized. A I|N external resistor should be used for proper 
wire-OR operation. 


Non-Maskabie Interrupt (NMI) 

A negative going edge on this input requests that a non-maskable interrupt sequence be generated wilhin the microprocessor. 

NMI is an unconditional interrupt. Following completion of the current instruction, the sequence ol operations defined for IRQ 
will be performed, regardiess of the interrupt mask flag status. The vector address loaded into the program counter, low and high, 
are locations FFFA and FFFB respectively, thereby transferring program control 10 the memory vector located at these ad- 
dresses. The instructions loaded at these locations cause the microprocessor to branch to a non-maskable interrupt routine in 
memory. 

NMI also requires an external 3KO resister to Vec for proper wire-OR operations. 

Inputs IRQ and NMI are hardware interrupt lines that are sampled during ©, (phase 2) and will begin the appropriate interrupt 
routine On the 2, (phase 1) following the completion of the current instruction. 


Sat Overflow Flag ($.O.) 
A NEGATIVE going edge on this input sets the overflow bit in the Status Code Register. This signal is sampled on the trailing 


edge of ©. 


SYNC 

This output line is provided to identify those cycles in which the microprocessor is doing an OP CODE fetch. The SYNC line 
goes high during ©, of an OP CODE letch and stays high for the remainder of that cycle. If tne RDY line is pulled low during the 
®, clock pulse in which SYNC went high, the processor will stop in its current state and will rernain in Ihe state until ine RDY line 
go8s high. In this manner, the SYNC signal can be used to control RDY to cause single instruction execution. 


Reset 

This input is used to reset or start the microprocessor from a power down condition. During the time that this line is held low, 
writing to or from the microprocessor is inhibited. When a positive edge is detected on Ihe input, the microprocessor will im- 
mediately begin the reset sequence. 

After a system initialization time of six clock cycles, the mask interrupt flag will be set and the microprocessor will load the 
program counter from the memory vector locations FFFC and FFFD. This is the start location for program control. 

After Vcc reaches 4.75 volts in a power up routine, reset must be held low for at least two clock cycles. At this time the RAW and 
(SYNC) signal will become valid. 

Wien the reset signal goes high following these two clock cycles, the microprocessor will proceed with the normal reset pro- 
cedure detailed above. 


COMMON CHARACTERISTICS 


ACCUMULATOR ADDRESSING— This form of 
addressing is represented with a one byte 
instruction, implying an operation on the 
accumulator. 


IMMEDIATE ADDRESSING—In immediate ad- 
dressing, ihe operand is contained in the sec- 
ond byte of the insiruction, with no further 
memory addressing required. 


ABSOLUTE ADDRESSING—In absolute ad- 
dressing, the second byte of the instruction 
specifies the eight low order bils of the eflec- 
tive address while the third byte specilies the 
eight high order bits. Thus, ihe absolute ad- 
dressing mode allows access to the entire 65K 
bytes of addressable memory. 


ZERO PAGE ADDRESSING— The zero page in- 
structions allow for shorler code and execulion 
times by only fetching the second byte of the in- 
struclion and assuming a zero high address 
byte. Careful use of the zero page can result in 
significant increase in code efficiency. 


INDEXED ZERO PAGE ADDRESSING—(X, Y in- 
dexing)— This form of addressing is used in 
conjunciion with the index register and is re- 
ferred to as “Zero Page, X" or "Zero Page, Y." 
The effective address is calculated by adding 
the second byte to the contents of the index 
regisler. Since this is a form of "Zero Page" ad- 
dressing, Ihe content of the second byle 
references a location in page zero. Additionally, 
due to Ihe "Zero Page” addressing nature of 
(his mode, no carry is added Io the high order 8 
bits of memory and crossing of page bound- 
aries does nol occur. 


INDEXED ABSOLUTE ADDRESSING— (X, Y in- 
dexing)— This form of addressing is used in 
conjunclion wilh X and Y index register and is 
reforred to as “Absolute, X," and "Absolute, Y." 
The elfective address is formed by adding the 
contents of X and Y to the address contained in 
the second and third bytes of the instruction. 
This mode allows the index register to contain 
the index or count value and the instruction to 
conlain Ihe base address. This type of indexing 
allows any localion referencing and the index to 
modify multiple fields resulting in reduced 
coding and execution lime. 


ADDRESSING MODES 


IMPLIED ADDRESSING—In the implied ad- 
dressing mode, the address containing the 
operand is implicitiy stated in the operation 
code of the instruclion. 


RELATIVE ADDRESSING — Relative addressing 
is used only wilh branch instructions and estab- 
lishes a destination for Ihe conditional branch. 


The second byte of {he instruction becomes the 
operand which is an “Offset” added to the con- 
tents ol the lower eight bits of the program 
counter when the counter is set at the next in- 
Struction. The range of ine offsel is -128 to 
+ 127 bytes from the next instruclion. 


INDEXED INDIRECT ADDRESSING—In in- 
dexed indireci addressing (relerred lo as (In- 
direct, X)), the second byte of the insiruction is 
added to tne contents of Ihe X index register, 
discarding the carry. The result of this addition 
points t0 a memory location on page zero 
whose contents is Ihe low order eight bits ol Ihe 
eflective address. The next memory location in 
Page zero contains Ihe high order eight bits of 
Ihe effective address. Both memory locations 
specifying the high and low order byles of the 
effective address must be in page zero. 


INDIRECT INDEXED ADDRESSING —In indirecl 
indexed addressing (relerred to as (Indirect), Y), 
the second byte of the instruction poinis lo a 
memory location in page zero. The contents of 
this memory location is added to the contents 
of the Y index register, the result being Ihe low 
order eight bits of Ihe effective address. The 
carry Irom this addition is added to Ihe contents 
of the next page zero memory location, Ihe 
tesult being the high order eight bits of the ef- 
teclive address. 


ABSOLUTE INDIRECT— The second byte ofthe 
instruction contains the low order eight bils of a 
memory location. The high order eighi bits of 
thal memory location is contained in the third 
byte of Ihe instruction. The contents of the fully 
specified memory location is the low order byle 
olthe eflective address. The nexi memory loca- 
tion conlains Ihe high order byte of Ihe effective 
address which is loaded into Ihe sixteen bits of 
Ihe program counter. 


INSTRUCTION SET—ALPHABETIC SEQUENCE 


Add Memory to Accumulator with Carry 
"AND" Memory wilh Accumulator 

Shift let One Bil (Memory or Accumulator) 
Branch on Carry Clear 

Branch on Carry Sei 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Resuli Minus 

Branch on Result nol Zero 

Branch on Result Plus 

Force Break 

Branch on Overtiow Clear 

Branch on Overliow Sei 

Chear Carry Flag 

Ciear Decimal Mode 

Cioar Intersupt Disabte Bit 

Clear Overtiow Flag 

Compare Memory and Accumulalor 
Compare Memory and Index X 

Compare Memory and Index Y 
Decremen! Memory by One 

Decrement Index X by One 

Decrement Index Y by One 
"Enclusive-or" Memory with Accumulator 
Increment Memory by One 

Increment Inden X by One 

Increment Inden Y by One 

Jump to New Location 

Jump 10 New Localion Saving Relurn Address 


LOA 
LOX 
LoOY 
LSA 


Load Accumulator wilh Memory 

Load Index X wılh Memory 

Load Index Y wılh Memory 

Snhilt One Bit Aighi (Memory or Accumutator) 


No Operation 
"OR" Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stach 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Rotate One Bit Leit (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 
Relurn Irom Inlerrupt 

Return from Subroutine 


Subtracı Memory from Accumulator wiln Borrow 
Set Carry Flag 

Set Decimal Mode 

Sal Interrupt Oisable Status 

Store Accumulator in Memory 

Store Index X ın Memory 

Store Index Y in Memory 


Transfer Accumulator lo Inden X 
Transter Accumulator 10 Inden Y 
Transfer Stack Pointer to Inden X 
Transfer Index X 10 Accumulator 
Transfer Index X 10 Stack Regisier 
Transfer Index Y \o Accumulalor 


PROGRAMMING MODEL 
7 D 

ACCUMULATOR A [n]vI _Jelo]ı IzJc] eRocesson status acc. °P?" 
INDEX REGISTER v 
INDEX REGISTER x CARRY 1 TALE 

ZERO 1= RESULT ZERO 
PROGRAM COUNTER "PC" IRQ DISABLE 1 DISABLE 

DECIMAL MODE 1: TAUE 
STACK POINTER Ss BAK COMMAND 


OVERFLOW 1« TAUE 


NEGATIVE Tr NEG. 


INSTRUCTION SET — OP CODES, Execution Time, Memory Requirements 


ADD TO m 16 PAGE BOLMDARY IE CMONILO  a00 
ADD TO m 1 Bmamcrı OCCUME TO Sam PAGE suaimacı 

ADD B TO m 1 BAamCm OECURI TO DI FEALNT PAGE Ant 

CAAnY mOT » BLLOm HRLcHe aDondss von 

0 m OACwmAL MOORE FLAG IE IMvaLıO. Taca oma wtacuhvi on on‘ 
ACLUMULATOm MIT BE CHICKED FOR Kino AutuLT wo 0 


Note: MOS Technology cannot assume liability for the use of undefined OP Codes 
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65C02 — 40 Pin Package 


Features of 65C02 


65K Addressable Byles of Memory (AO-A 15) 
IRQ Interrupi 
On-the-chip Clock 

TTL Level Single Phase Input 

RC Time Base Input 

Crystal Time Base Input 
SYNC Signal 
(can be used for single instruction execution) 
RDY Signal 
(can be used to hall or single cycle execulion) 
Two Phase Output Clock for Timing of 
Support Chips 
NMI Interrupt 


Sam) 65C03 — 28 Pin Package 


21 Features of 65C03 


4K Addressable Bytes of Mernory (A0-A11) 
On-the-chip Clock 

IRQ Interrupt 

NMI Interrupt 

8 Bit Bidirectional Dala Bus 


65C04 — 28 Pin Package 


Features of 65C04 


BK Addressable Bytes of Memory (A0-A12) 
On-the-chip Clock 

IRQ Interrupt 

8 Bit Bidirectional Data Bus 


9alım) 
rw 65C05 — 28 Pin Package 


2 Features of 65C05 


4K Addressable Bytes of Memory (A0-A11) 
On-the-chip Clock 

IRQ Interrupt 

ARDY Signal 

8 Bit Bidirectional Data Bus 
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65C06 — 28 Pin Package 


Features of 65C06 


4K Addressable Bytes of Memory (A0-A 11) 
On-the-chip Clock 

IRQ Interrupt 

Two phase output clock for timing of 
support chips 

8 Bit Bidirectional Data Bus 


85C07 — 28 Pin Package 


Features of 85007 


BK Addressable Byles of Mamory (A0-A12) 
On-the-chip Clock 
ADY Signal 


8 Bit Bidirectional Data Bus 


RES 
2 1ouT) 
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65C12 — 40 Pin Package 


Features of 85C12 


65K Addressable Bytes of Memory (A0-A15) 
IRQ Interrupt 

NMI Interrupt 

ADY Signal 

8 Bit Bidirectional Data Bus 

SYNC Signal 

Two phase clock input 

Data Bus Enable 


85C13 — 28 Pin Package 


Features of 685013 


4K Addressable Bytes of Memory (A0-A11) 
Two phase clock input 

IRQ Interrupt 

NMI Interrupt 

8 Bit Bidirectional Data Bus 


85C14 — 28 Pin Package 


Features of 65014 


BK Addressable Bytes of Memory (A0Q-A12) 
Two phase clock input 

IRQ Interrupt 

8 Bit Bidirectional Data Bus 


65C15 — 28 Pin Package 


Features of 85C15 


4K Addressable Bytes of Memory (A0-A11) 
Two phase clock input 

IRQ Interrupt 

RDY Signal 

8 Bit Bidirectional Data Bus 


voauouaun + 


COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to 
improve reliability, Tunction or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 
liability arising out of the application or use of any product or circuit described herein; neither does it convey 
any license under its patent rights nor the rights ol others. 
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commodore 


semiconductor group 


850 Rittenhouse Ad., Norrisiown, PA 19409 « Tel.: 215/666-7850 ® TWX: 510/660-4168 


6510 MICROPROCESSOR WITH V/ . 


YOSSZI0UHJOUIIN OLSY 


DESCRIPTION 


The 6510 is a low-cost microcomputer systern capable ot solving a broagaa 
and peripheral-control problems at minimum cost lo the user. 


The Three-State sixteen-bit Address Bus allows Direct 
pfocessor systems sharing a common memory. 


The internal processor architecture is identical to thg 
compatibility. 


FEATURES OF THE 6510... PIN CONFIGURATION 


8-Bit Bi-Directional VO 
Single +5 volt sugp 
Ö technology 


soanaınavon > 


-6© 


8 Bit Bi-Directional Data Bus 

Addressable memory range of up to 65K bytes 
Direct memory access capability 

Bus compatible with M6800 

Pipeline architecture 

1 MHz and 2MHz operation 

Use with any type or speed memory 


»ryrPr>rrPPr>rPr>r>r>>r> 


ö 
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PERIPHERAL 
INTERFACE 
BUFFER 


< 
x 
&3 
u 
Sssaddaddf 


PERIPTIERAL 
OUTPUT 
REGISTER 


: 
3 
| 


= 1BITLINE 


LEGEND 
fi = 8BIT LINE 


SEE LITLLE LLTL 


MAXIMUM RATINGS 


RATING 


SYMBOL 


SUPPLY VOLTAGE 


INPUT VOLTAGE 
OPERATING TEMPERATURE 


STORAGE TEMPERATURE 


8510 CHARACTERISTICS 


VALUE 
-0.310 +7.0 
-0.3t0 +70 

0to +70 


-55t0 +150 


This device contains Input protsction against 
damage due to high static vollages or 
deciric fields; however, precautions should 
be taken to avold application of vollages 
higher than the maximum ratlag. 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 5%, Vss = 0, TA = 0° to + 70°C) 


Input High Voltage 
9., Dun) 


Input High Voltage 
RES, P,-P,IRQ, Data 


Input Low Voltage 
2.. Dılln) 
RES, P,-P, IRQ, Data 
Input Leakage Current 
Yin = 010 5.354, Ve = 5.250) 
Logic 
9., Dun) 
Three Stale (Off State) Inpul Current 


Vin = 0.4 10.2.4V, Vec = 525M) 
Data Lines 


Output High Voltage 
(OH = -1004Ade, Vec = 4.75V) 
Data, AO-A15, RW, P,P, 


Out Low Voltage 
(oL = 1.4mAdc, Vcc = 4.75V) 
Data, AO-A15, FW, PP, 


Power Suppiy Current 


Capacltance 
Vin = 0,14 = 3°C, 1 = IMH2) 
Logic, P«-P, 
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To 
vec-0.20 


ADDRESS 
FROM 
MPU 


DATA 
FROM 
MEMORY 


PERIPHERAL 
DATA 


ADDRESS 
ENABLE 
CONTROL 


CLOCK TIMING 


VCC-0.27 


TIMING FOR READING DATA FROM 
MEMORY OR PERIPHERALS 
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CLOCK TIMING 


PERIPHERAL 
DATA 


TIMING FOR WRITING DATA TO 
MEMORY OR PERIPHERALS 
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AC CHARACTERISTICS 


2 MHz TIMING 


ELECTRICAL CHARACTERISTICS (VCC = 5V + 5%, VSS = 0V, Ta = 0° - 70°C) 


CLOCK TIMING 


CHARACTERISTIC 


Clock Pulse Width 21 
(Measured at VCC - 0) 22 


Fall Time, Rise Time 
(Messured Irom 02V 10 VCC - 02M) 


Delay Time between Clocks 
(Measured at 0.2V) 


READWFRITE TIMING (LOAD = 1TTL) 


CHARACTERISTIC 


Read/Wirite Setup Time from 6506 


Address Setup Time from 6508 
Memory Read Access Time 
Data Stability Time Pertod 
Data Hold Time-Aead 


Data Hold Time-Write 
Data Setup Time from 6510 


RAW Hold Time 


Delay Time, Address valld to 
®2 positive transltion 


Delay Time, ©2 poslilive transition 
to Data valld on bus 


Delay Time, Data valld to @2 
negative transition 


Delay Time, R/W negalive (ranslilon 
10 &2 posillve transition 


Detay Time, 22 negative transition 
to Peripheral Data valid 


Peripheral Data Seiup Time 


Address Enable Setup Time 


458 


SIGNAL DESCRIPTION 


Clocks (2 ,, ©.) 
The 6510 requires a two phase non-overlapping clock that runs at the Vcc voltage level. 


Address Bus (A.-A,,) 
These outputs are TTL compatible, capable of driving one standard TTL load and 130 pf. 


Data Bus (D;-D;) 

Eight pins are used for the data bus. Thls Is a Bi-Directional bus, transferring data to and from the device and 
peripherais. The outputs are tri-state buffers capable of driving one standard TTL load and 
130 pf. 


Reset 

This input Is used to reset or start the microprocessor from a power down condition. During the time that this line 
is held low, writing to or from the microprocessor is inhibited. When a positive edge is detected on the input, the 
microprocessor will immediately begin the reset sequence. 

After a system Initiallzation time of six clock cycles, the mask interrupt flag will be set and the microprocessor 
will load the program counter from the memory vector locations FFFC and FFFD. This Is the start location for pro- 
gram control. 

After Vcc reaches 4.75 volts in a power up routine, reset must be held low for at least two clock cycles. At this 
time the R/W signal will become valid. . 

When the reset signal goes high following these two clock cycles, the microprocessor will proceed with the nor- 
mal reset procedure detalled above. 


Interrupt Request (IRQ) 

This TTL level Input requests that an interrupt sequence begin within the microprocessor. The microprocessor 
will complete the current Instruction being executed before recognizing the request. At that time, the Interrupt mask 
bit in the Status Code Register will be examined. If the interrupt mask flag Is not set, the microprocessor will begin 
an interrupt sequence. The Program Counter and Processor Status Register are stored In the stack. The 
microprocessor will then set the Interrupt mask flag high so that no further interrupls may occur. At the end of this 
cycle, the program counter low will be loaded from address FFFE, and program counter high from location FFFF, 
therefore transferrIng program control to the memory vector located at these addresses. 


Address Enable Control (AEC) 
The Address Bus Is valid only when the Address Enable Control line is high. When low, the Address Bus is in a 
high-impedance state. This feature allows easy DMA and multiprocessor systems. 


NO Port (P,-P;) 

Eight pins are used for the peripheral port, which can transfer data to or from peripheral devices. The Output 
Register is located In RAM at Address 0001, and the Data Direction Register is at Address 0000. The outputs are 
capable at driving one standard TTL load and 130 pf. 


Read/Write (RA/W) 
This signal Is generated by the microprocessor to control the direction of data transfers on the Data Bus. This line 
is high except when the microprocessor Is writing to memory or a peripheral device. 
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ADDRESSING MODES 


ACCUMULATOR ADDRESSING—This form of 
addressing Is represented wlih a one byte 
Instruction, Implying an operalion on the 
accumulator. 


IMMEDIATE ADDRESSING—In immediate ad- 
dressing, the operand is contained in Ihe second 
byte of Ihe Instruction, with no further memory 
addressing required. 


ABSOLUTE ADDRESSING—In absolute ad- 
dressing, the second byte of the instruction 
specilies Ihe elghi low order bils of the effective 
address whlle the third byte specifies the eight 
high order bits. Thus, the absolute addressing 
mode allows access Io the entire 65K byles of ad- 
dressable memory. 


ZERO PAGE ADDRESSING—The zero page in- 
structions allow for shorter code and execution 
\imes by only fetching Ihe second byle of the in- 
struction and assuming a zero high address byte. 
Careful u3e of Ihe zero page can result in signifi- 
cant increase In code efficiency. 


INDEXED ZERO PAGE ADDRESSING—(X, Y in- 
dexing)— This form of addressing is used in con- 
juncetion with Ihe index register and is relerred Io 
as "Zero Page, X" or "Zero Page, Y." The ellective 
address is calculated by adding the second byte 
to the contents of Ihe index register. Since this Is 
a form ol "Zero Page" addressing, the content of 
the second byle references a location in page 
zero. Additionally, due Io the “Zero Page” ad- 
dressing nature ol Ihls mode, no carry is added Io 
the high order 8 bils of memory and crossing of 
page boundaries does nol occur. 


INDEXED ABSOLUTE ADDRESSING—(X, Y in- 
dexing)— This form ol addressing is used in con- 
junclion with X and Y index regisler and is re- 
terred to as "Absolute, X,” and “Absolute, Y.” The 
effeclive address is formed by adding Ihe con- 
tents of X and Y to the address contalned in Ihe 
second and ihird bytes of the instruction. This 
mode allows the index register io contaln {he in- 
dex or count value and the instruction to contain 
the base address. This iype of indexing allows 
any location referencing and the index to modify 
multiple fietds resulting in reduced coding and 
execution ilme. 


IMPLIED ADDRESSING—In the implied ad- 
dressing mode, the address containing the 
operand is implicitly stated in the operation code 
of Ihe instruction. 


RELATIVE ADDRESSING—Relative addressing 
is used only with branch Insiruclions and estab- 
lishes a destinatlon for the conditional branch. 


The second byte of the instruction becomes the 
operand which is an "Offset" added 10 Ihe con- 
tents of the lower eight bits of Ihe program 
counter when the counter Is set at the nexl In- 
strucilon. The range of Ihe offset is - 128 to 
+ 127 bytes from the next Instruction. 


INDEXED INDIRECT ADDRESSING— In indexed 
Indirect addressing (referred to as [Indirect, X], 
the second byte of the instruction is added to the 
contents of the X index register, discarding the 
carry. The resull of this addition points lo a 
memory location on page zero whose contents is 
the low order eight bits ol the effective address. 
The next memory locatlon in page zero contains 
the high order elghi bits of the effective address. 
Both memory localions specifying Ihe high and 
low order bytes of Ihe elfective address must be 
In page zero. 


INDIRECT INDEXED ADDRESSING—In Indirect 
indexed addressing (referred 10 as [Indirect, YJ). 
the second byte of the instruction points lo a 
memory localion In page zero. The contents of 
this memory location is added Io the contents of 
the Y index register, Ihe result being Ihe low order 
eight bits of the effective address. The carry from 
this addition Is added to Ihe contents of the next 
page zero memory location, Ihe result being Ihe 
high order eight bits of the effeclive address. 


ABSOLUTE INDIRECT—The second byte of the 
Instruclion contains the low order elght bits of a 
memory location. The high order eighl biis of thal 
memory location is contained in the third byte ot 
Ihe instructlon. The contents of the fully 
specified memory location Is Ihe low order byte 
of the eflective address. The nexi memory loca- 
tion contains the high order byte of Ihe eflective 
address which Is loaded Into the sixteen bits of 
the program counler. 


INSTRUCTION SET—ALPHABETIC SEQUENCE 


Add Memory to Accumulstor wllh Carry 
"AND Memary with Accumulator 
Shift lell One Bil (Memory or Accumulator) 


Branch on Carry Clear 

Branch on Carry Sei 

Branch on Result Zero 

Tesı Bils in Memory wilh Accumulator 
Branch on Result Minus 

Branch on Rosutl nol Zero 

Branch on Alesufl Pius 

Force Break 

Branch on Overflow Clear 

Branch on Overliow Sei 


Ciear Carry Flag 

Clear Decimal Mode 

Clear Interrup! Disable Bil 

Clear Overliow Flag 

Compare Memory and Accumulalor 
Compare Memory and Inden X 

Compare Memory and Index Y 
Decrement Memory by One 

Decrement Indes X by One 

Decremani Index Y by One 
"Exclusive-or' Memory wilh Accumulator 
Incrament Memory by One 

Increment Index X by One 

Incremant Index Y by One 

Jump 10 New Localion 

Jump to New Location Saving Return Address 
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LDA Load Accumulator with Memory 
LOX Load Index X with Memory 
LDY Load Index Y with Memory 
LSA Shift One Bit Right (Memory or Accumulalor) 


No Operation 
"OR" Memory with Accumulalor 


Push Accumulalor on Siack 
Push Processor Status on Stack 
Pull Accumutator from Stack 
Pull Processor Status om Stack 


Aotate One Bil Left (Memory or Accumulatar) 
Aotale One Bit Right (Memory or Accumulator) 
Return Irom Interrupl 

Return from Subrouline 


Subiract Memory Irom Accumulalor wilh Borrow 
Set Carry Flag 

Set Decimal Mode 

Sei Interrupt Disable Status 

Store Accumulator In Memory 

Store Inden K In Memory 

Store Index Y in Memory 


Transler Accumulalor to Index X 
Transter Accumulator 10 Index Y 
Transfer Slack Poinler 10 Index X 
ler Index X to Accumulalor 
fer Index X to Siack Regisier 
Transler Index Y to Accumulalor 


PROGRAMMING MODEL 


7 Ü 
ACCUMULATOR [n]v]_Jelo]ı [z]Jc] Processon status Res "Pr 


INDEX REGISTER 


INDEX REGISTER > CARMY 1 = TRUE 
ZERO 1 = RESULT ZERO 
PROGRAM COUNTER "PC" IRQ OISABLE 1 = DISABLE 
DECIMAL MODE 1 = TRUE 
STACK POINTER "s” BAK COMMAND 


OVERFLOW 


NEGATIVE 


INSTRUCTION SET — OP CODES, Execution Time, Memory Requirements 


H kei FE 
= SEK INN ARIERNRHEE EINER 
= er H mm 
=. _—_ 
seen ähm 


1 AO TOR 10 FROM BOLD TE CHOEBAO 


wm To m man TO Sas0e vwa 
1TO.N-0 Daunen asus 10 DrPEnanT na 
un eiöhieigen “Munde MER BIPECTIVE ADDEER 
103 IMORCHLAL MODE £ 
Eretes 


FLAG 15 eruaud 
TOM AALEIT BE COECHTO FOR ZERO MERLAT Mg ME MORT OR WTACH FOREN 


Note: Commodore Semiconductor Group cannol assume llabllity for the use of undefined OP Codes 
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ADDAESSABLE 
EXTERNAL 
MEMORY 


Ba 


STACK 
OIFF o#4——— POINTER 


INITIAUZED 


OUTPUT REGISTER 
DATA DIRECTION REGISTER 


6510 MEMORY MAP 


S| 
I) 
N 


APPLICATIONS NOTES 


Locating the Output Register at the internal I/O Port in Page Zero enhances the powerful Zero Page 
Addressing instructions of the 6510. 


By assigning the VO Pins as inputs (using the Data Direction Register) the user has the ability to change the con- 
tents of address 0001 (the Output Register) using peripheral devices. The ability t0 change these contents using 
peripheral inputs, together with Zero Page Indirect Addressing instructions, allows novel and versatlle programming 
techniques not possible earller. 


COMMODORE SEMICONDUCTOR GROUP reserses the right to make changes to any products herein io 
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 
liability arising ot of the application or use ol any product or circuit described herein; neither does it convey 
any license under its patent rights nor the rights of others. 


inte) 8080A/8080A-1/8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 


The 8080A is functionally and electrically compatible with the Intel® 8080. 


a TTL Drive Capability a 16-Bit neck nelnier and Such 
_4 _2 n Manipulation Instructions for Rapid 
e She 111.3 us, — 2:1.5 us) Instruction Switching of the Program Environment 
u Powerful Problem Solving Instruction m Decimal, Binary, and Double Precision 
Set Arithmetic 
m 6 General Purpose Registers and an 
Accumulator m Ability to Provide Priority Vectored 
a 16-Bit Program Counter for Directiy Interrupts 
Addressing up to 64K Bytes of 
Memory a 512 Directiy Addressed Il/O Ports 


The Intel® BO80A is a complete B-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 

The 8080A contains 6 B-bit general purpose working registers and an accumulator. The 6 general purpose registers 
may be addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical 
instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 
16-bit stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily han- 
die multiple level priority interrupts by rapidiy storing and restoring processor status. It also provides almost unlimited 
subroutine nesting. 


This microprocessor has been designed to simplify systems design. Separate 16-line address and B-line bidirectional 
data busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory.and /O 
are provided directly by tne 8080A. Ultimate control of the address and data busses resides with the HOLD signal. II 
provides the ability to suspend processor operation and force the address and data busses into a high impedance 
state. This permits OR-tying ihese busses with other controlling devices for (DMA) direct memory access or multi- 
processor operation. : 
8080A CPU FUNCTIONAL BLOCK DIAGRAM 
D, DO, 
BIDIRECTIONAL 
DATA BUS 


DATA BUS 
BUFFER/LATCH 


t8 BıTı 


18 8177 
INTERNAL DATA BUS INTERNAL DATA BUS 


ACCUMULATOR 
LATCH 18 


REGISTER 


L 
REG. AARAY 


STACK POINTER 2 
us] 
PROGRAM COUNTER 


INCAEMENTER/DECREMENTER 
ADDRESS LATCH LU) 


DECIMAL 
ADJUST 


TIMING 
AND 
CONTROL 


IT] 
ADDRESS BUFFER 


" DATA BUS INTERRUPT HOLD WAIT 
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 


I Hl 


WA DBIN INTE INT HOLD HOLOWAIT | SYnc 1-2 RESET 
ACK AEADY Aus A 
ADDRESS BUS 


— 56V 


power [ — + 12V 
SUPPLIES | — +5v 


— 6hnD 
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8080A/8080A-1/8080A-2 


PIN DESCRIPTION 


The following describes the function of all of the 8080A 1/O pins. 


Several of the descriptions refer to internal timing periods. 
A15.Ao (output three-state) 

ADDRESS BUS; the address bus provides the address to memory 
{up to 64K 8-bit words) or denotes the I/O device number for up 
to 256 input and 256 output devices. Ag is the least significant 
address bit. 


Dy-Dog (input/output three-state) 

DATA BUS; the data bus provides bi-directional communication 
between the CPU, memory, and I/O devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the B0BOA outputs a status word on the data bus that de- 
scribes the current machine cycle. Do is the least significant bit. 


SYNC (output) 
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning of each machine cycle. 


DBIN (output) 

DATA BUS IN; the DBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 
enable the gating of data onto the 8080A data bus frorm memory 
or /O. 


READY (input) 


READY; the READY signal indicates to the 8080A that valid 
memory or input data is available on the B080A data bus. This 
signal is used to synchronize the CPU with siower memory or YO 
devices. If after sending an address out the B80B0A does not re- 
ceive a READY input, the B080A will enter a WAIT state for as 
long as the READY line is low. READY can also be used to single 
step the CPU. 


WAIT (output) 
WAIT; the WAIT signal acknowledges that the CPU is in aWAlT 
state. 


WR (output) 

WRITE; the WR signal is used for memory WRITE or I/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WA = 0). 


HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HOLD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com- 
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 

© the CPU is in the HALT state. 

© theCPU isin the T2 or TW state and the READY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(A15-Ag) and DATA BUS (D,-Doy) will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC- 
KNOWLEDGE (HLDA) pin. 


HLDA (output) 
HOLD ACKNOWLEDGE:; the HLDA signal appears in response 
to the HOLD sıgnal and indicates that the data and address bus 


vyz 09 WW 2WRN 


_ 
o 


11 


Figure 1. Pin Configuration 


will go to the high impedance state. The HLDA signal begins at: 

e T3 for READ memory or input. 

© The Clock Period following T3 for WRITE memory or OUT- 
PUT operation. 

In either case, the HLDA signal appears after the rising edge of $, 

and high impedance occurs after the rising edge of &2. 


INTE (output) 

INTERRUPT ENABLE; indicates the content of the internal inter- 
rupt enable flip/flop. This flip/flop may be set or reset by the En- 
able and Disable Interrupt instructions and inhibits interrupts 
from being accepted by the CPU when it is reset. It is auto- 
matically reset (disabling further interrupts) at time T 1 of the in- 
struction fetch cycle (M1) when an interrupt is accepted and is 
also reset by the RESET signal. 


INT (input) 

INTERRUPT REQUEST; the CPU recognizes an interrupt re- 
quest on this line at the end of the current instruction or while 
halted. If the CPU is in the HOLD state or if the Interrupt Enable 
flip/flop is reset it will not honor the request. 


RESET (input) (11 

RESET; while the RESET signal is activated, the content of the 
program counter is cleared. After RESET, the program will start 
at location O in memory. The INTE and HLDA flip/flops are also 
reset. Note that the flags, accumulator, stack pointer, and registers 
are not cleared. 


Vss Ground Reference. 
Vopp +12 +5% Volts. 
Vec +5+5% Volts. 
VeB -5 +5% Volts (substrate bias). 
91.02 2 externally supplied clock phases. (non TTL compatible) 
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8080A/8080A-1/8080A-2 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ........... . 0°C to +70°C "COMMENT: Stresses above those listed under "Absolute Maxi 
-65°C to +150°C mum Ratings may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 


Storage Temperäture ...... 2.2.2... 
AI Input or Qutput Voltages 


With Respect to VBB -.........- -0.3Vto 20V  gheoperational sections of this specification is not implied. Ex- 
Vcec. Voo and Vss With Respect to Vgg -0.3V to +20V posure to absolute maximum rating conditions for extended 
Power Dissipation . 2.2: 22 2222er 1.5W periods may affect device reliability. 

D.C. CHARACTERISTICS 


Ta = 0°C to 70°C, Von = +12V # 5%, Vec = +5V + 5%, Vgp = -5V + 5%, Vss = OV, Unless Otherwise Noted. 


ViLe Clock Input Low Voltage | _Vss-t Vsst0,8 V 


Vince Clock Input High Voltage | 90 Voo+! 


VL Input Low Voltage Vss-1 Vss+0.8 


V 
v 
V 
vV 


lo = 1.9mA on all outputs, 


VoL Output Low Voltage 0.45 


a 


VoH Output High Voltage 3.7 lon = -1504uA. 

Ioptavı | Avg. Power Supply Current (Von) mA 

I Avg. Power Supply Current (Vec) A OperaneN 

CC (AV) 9. pP!y cc m Tey = .48 usec 

Isatavı | Avg. Power Supply Current (Va) mA 

HL Input Leakage PA | Ves<Vn<Vcc 

Icı Clock Leakage Vss S VeLock S Von 

tor [2] Data Bus Leakage in Input Mode HA Ves <Vin SVss +0.8V 
MA | Ves+0.BVSYn<Vec 

Address and Data Bus Leakage VaDDR/DATa * Vec 
IeL " yA 
During HOLD VADDR/DATA * Vss + 0.45V 
CAPACITANCE 15 


T, = 25°C Vec = Voo = Vss = OV, Van =-5V 


Test Condition 
fe = 1 MHz 


Unmeasured Pins 


SUPPLY CUARENT 
© 


Returned to Vss 
0 +25 +50 +5 


NOTES: 


1. The RESET signal must be active for a minimum of 3 clock cycles. AMBIENT TEMPERATURE (*C) 


; = -0,45% PC. REES TERSSCHEEH TFT STREET TIGEN 
2. Alsupply/ATa Figure 2. Typical Supply Current vs. 


Temperature, Normallzed!?! 
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A.C. CHARACTERISTICS (8080A) 
Ta = 0°C to 70°C, Voo = +12V 35%, Vec = +5V 35%, Von = -5V + 5%, Vs = OV, Unless Otherwise Noted 


tcyl9} | Clock Period 


Bere 
 erruman [m] 
29 Pulse Width | 220 | 
Ba 2. 
CT 73 
CODED ICH 

ee 


Address Output Delay From 92 


Data Ouipul Delay From 22 


Signal Output Delay From 22 or 22 (SYNC, WR, WAIT, HLDA) 


OBIN Delay From 22 


Delay for Input Bus to Enter Inpul Mode 


Data Setup Time During 24 and DBIN 


WAVEFORMS (Note: Timing measurements are made at the following reference voltages: CLOCK “1” = 8.0V 
“0” = 1.0V; INPUTS “1° = 3.3V,, 0” = 0.8V; OUTPUTS 1” = 2.0V, "0" = 0.8V.) 


9 


9% 


nn || EEN 
1sAo 1 41-4 
N DATA OUT 
0,0, ee EEN 
SYnc | 
DBIN EN 


WA ————|—— 
tl oc 


HLDA 


INT 
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A.C. CHARACTERISTICS (8080A) 
Ta = 0°C to 70°C, Voo = +12V + 5%, Vec = +5V + 5%, Va = -5V +5%, Vss = OV, Unless Otherwise Noted 


Parameter Test Condition 


Data Setup Time to @2 During DBIN 
Data Holt time From 29 During DBIN 


INTE Output Delay From 22 


READY Setup Time During 82 
HOLD Setup Time to 82 
INT Setup Time During &3 


Hold Time From 29 (READY, INT, HOLD) 
Delay to Float During Hold (Address and Data Bus) 


Address Stable Prior to WA 
Qutput Dala Stable Prior to WR 


Output Data Stable From WR 


CL =50pF 


CL = 100 pF: Address, Data 


Address Stable From WA CL =50 pF: WA,HLDA,DBIN 


HLDA to Float Delay 


WAR to Fioal Delay 


Address Hold Time Alter DBIN During HLDA 


NOTES: (Parentheals gives -1, -2 speclfications, respectiveiy) 

1. Dota input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
104 ” 50.ns or ıpF. whichever is less. 

2. Load Circuit. 


46V 
5 BOBOA 
OUTPUT 
AysAg - 
3. tey = 103 + Irg2 + 12 + Inga + tp2 + try > 4BO ns (- 1:320 ns, - 2:30 ne). 
TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 
0,0, +20 
7Do Fr 
E 
SYNc x io 
8 
ro 
DBINn 2 SEC 
E 
3 -o 
A 
Wr -20 
-100 -50 o +50 +100 
READY 3 CAPACITANCE (pf} 
1Cseruar — Espec) 
WAT 4. The following are relevant when interfacing the BOBOA to devices having Vin = 3.3V: 
a) Meximum output riss time from .BV to 3.3V = 100ns @ CL = SPEC. 
HOLD b) Output delay when measured to 3.0V = SPEC +60n3 @ CL = SPEC. 
c) 1 CL # SPEC, add ‚ön/pF if CL> Cgpec, mubtract ‚Ins/pF (fommodified delay) it CL < Cspec. 
5. taw = 2toy - 103 - trga - 140 ns (- 1:110 ns, - 2:130 ne). 
HLDA 6. tpw = tey — 103 - trga - 170ns (- 1:150. na, - 2:170 ns). 
7. It not HLDA, twD * twA ” t03 * trg2 +10ns. If HLDA, two "= twA " IWF- 
B. tHF = 103 * 1,92 -5Ons. 
9. twr = tD3 + 192 -10ns 
Int 10. Date in must be stable for this period during DBIN °T3. Both tnsy end tpg2 must be astisfied. 
11. Ready signal must be stable for this period during T2 or Ty. (Must be enternally synchronized.) 


12. Hold signal must be stable for this period during T2 or Tw when entering hold mode, and during T3.T4,T5 
and TwnH when in hold mode. (Emternal synchronization is not required.) 

INTE 13.” Interrupt signel must be stable during this period of the last clock cycle of any instruction in order to be 
reeognized on the following instruction. (External synchronization is not required.) 

14. This timing diegram showa timing relationships only; it does not represant any specific machine cycle. 


te 
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INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 


Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines isprovided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 


Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 


Data and Instruction Formats 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 


Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed I/O provided 
for in the 8080A instruction set. 


The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 


same format. 


D; De Ds Da Da D> D, Do 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 


One Byte Instructions 


D} De D5 O4 D4 D, D; Do | OPcoDE 


Two Byte Instructions 
Three Byte Instructions 
D, De D; D4 Da; D, D, D 
D; De D5; D4 Da Da D, Do 


OP CODE 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or I/O instructions 


Jump, call or direct load and store 
instructions 


LOW ADDRESSOR OPERAND 1 


D} Dg Ds D4 Da Dy D; Do | HIGH ADDRESSOR OPERAND 2 


For the 8080A a logie “1” is defined as a high level and a logic ‘0’ is defined as a low level. 
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8080 INSTRUCTION SET 


Summary of Processor Instruclions 


Instruclion Codef1] Clockj2; Instrucilen Code) Clecki2} 
Mnemonic Description 07 O6 O5 Da 03 02 Dj Dg Cycles | Mnemonic. Osscriptien 07 De Ds 04 03 D2 OD) Op Cycles 
MOVE. LOAD. AND STORE 
MOVr.ı2 Move-register to regser 0I DO DSSS 5 JPO Jump on parıty odd 1110001909 0 
MOV Mır Move register o memory 0 I 110555 7? PCHL H & L lo program I11ı1ı0100% 5 
MOV c.M Move memory loregiser 09 DDDı 10 7? counter 
Mir Move ımmediate regsier 00DDDı 10 7? CcALL 
MVIM Move ımmediate memory 0 0 1 1 0110 % CALL Call uncondıtional 1100191301 7 
LXI B Load smmediate register 0 0000001 0 cc Call on carıy ı301ı19200 nm 
Par B&C CNC Call on no carry 11010100 m 
LXIO Load ımmediate vegster 00010001 0 cz Call on zero 11009100 117 
Par O&E Cnz Call on no zero 11000100 7 
LXIH Load ımmediate regsieıt 001 00001 CP Call on positive 11110100 1117 
Par H&L CM Call on mınus I 11171009 07 
STAX B Store A ındırect vboeoooı 0 7 | ce Call on parıty even It 101100 mm 
en 4 a naureSt Le a j CPO Call on parıty odd 11100100 1m 
ıt 
a 
STa Slöre:Acdireet or RET Return ı3001ı00%1ı 0 
RC Return on canıy 110911000 51 
LDA Load A direct 001211010 8 
SHLD Store H & L direct a a ar Br RT ns BR OR Fan ee 
LHLO Load H&L direct 00101010 % u I a 
ANZ Return on no zero 11000000 5 
XCHG Exchange DEE HEL 110190919 4 
Regısiers AP Retuin on positive 111120000 a 
RM Returrt on mınus ı1ı1110009 591 
STACK 0PS RPE Reluın on parıly even 12098000 511 
PUSH B Push regıster Paır B& rısıo0o00 107? u RPO Aelurn on parıty odd 11100000 sm 
C on stack 
PUSH D Push segıster Paır D& 1199309301 1 AESTART 
E on stack AST Restart tt AAAIIT mM 
PUSH H Push register Paır H & ı1 1310091091 191 INCREMENT AND DECREMENT 
L on stack INR r Increment tegısier 00000109090 
PUSH PSW Push A and Flags 1111010 ih OCRr Decrement regısier ooooDd ı91ı 
on’slack INR M Increment memory 001101909 % 
POP B BO LEE Pau B& rtrooeo0ı © DCRM Decrement memory 001101090190 
Pop D Pop register Paır D & oo | ee ED DENT 8 
E off stack regsiers 
POP H Pop register Paır H& 11100001 1 | XD Increment D&E voooroor1 5 
L off stack vegsiers 
POPPSW Pop Aand Flags 101130001000 | IH Ineremenfi.bil ale JE Ze Da a Zn 
oft stack regısters 
XTHL Exchange top ol Itı0001% fr OCKB Decremeni8&C 00001909171 5 
Stack HRL i Ocx D Decrement OD & E oo ı 0 1A 
SPHL H& L 10 stack poinier ırı 1710015 DCK H Decrement H&L v0 ovro1Yı 
LXI SP Load ımmedıate stack 00 ı10001 0 ADD 
pointer ADD r Add register 10 A 100008558 4 
INX SP Increment slack poınler 00 100 1 1 5 AlC ı Add regısier 10 A ı0 0 ss 4 
DCX SP Decrement stack 00 ıı930191.585 wıth carıy 
pointer ADD M Add meınory to A 10000110 7 
JUMP ADC M Add memory to A  sooo11t0 7 
with cart 
= - ie R £ : ' : . AI SEN 190001107 
Inc Simpzonnoitara 010810 "0 ACı Add ımmediate to A 1 0191710 
wılh carıy 
J2 Jump on zeıo ııo0o1090 1 | oaoe AddB&CIOHAL 00001001 © 
JNZ Jump on no zero ı120000%+0 10 | oaon AddD&AELOHAL 00011001 0 
JP Jump on positive 1111001909 % DAD H AddH&LIoHA&L 001019001 0 
JM Jump on minus rıı 110710 0 DAD SP Add siack potnter to 00111001 0 
JPE Jump on parıty even 111010190 % Hal 


NOTES 1 DDD or SSS 8 000 C 001 D 010 E O11 HM 100 L 191 Memory 110 A 111 
2 Two possıble cycle times 16/12) ındıcate ınstructton cycles dependent on condıtıon llags 
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8080A/8080A-1/8080A-2 


Summary of Processor Instruclions (Cont.) 


Mnemonic Oescriplion 

SUBTRACT 

SuBr Subtract register 
Irom A 

SBBr Subtract regısier from 
A wıth borrow 

SUB M Subtract memory 
trom A 

SBB M Subtract memory from 
A with borrow 

suı Subtract immediate 
trom A 

SBl Subtract ımmediate 
Irom A wıth borrow 

LOGICAL 

ANA Tr And register wılh A 

XRA r Exclusive Or regıster 
wıth A 

ORA ı Or register with A 

CMPr Compare register wılh A 

ANA M And memory wılh A 

XRAM Exclusive Or memory 
with A 

ORAM Or memory with A 

CMPM Compare memory wılh A 

ANI And ımmedıate wıth A 

XI Exclusive Or ımmedıate 
wılh A 

ORt Or ımmedıate wıth A 

cPpı Compare ımmedıate 
wıth A 

AOTATE 

ALC Rotate A lefı 

ARC Aotale A rıghl 

AAL Rotate A left through 
carry 

RAA Aotate A rıghi through 
carıy 

SPECIALS 

CMA Complement A 

STC Set carry 

CMC Complement carry 

DAA Decımal adyust A 

INPUT/OUTPUT 

IN Input 

OUT Qutput 

CONTROL 

Ei Enable Interrupts 

1] Dısable Interrupt 

NOP No-operalion 

HLT Halt 


NOTES: 1. DDD or SSS: B=000. C=001. D=010. E=011. H=100. L=101. Memory=110. A=111 
2. Two possible cycle times. (6/12) indıcale instruclion cycies dependen! on condılıon Ilags 


Instruction Codej1] 


Clockt2) 


Dr 06 05 O4 D3 Da 0, Op Cycles 


1 


ooo>o 


oo-- 


0 


0 


oooo 


-o-- 


0 


0 


-o-- 


I 


o--o 


-o-- 


05S%$S 


1 


o-o- 


ooo- 


S 


-ooo 


S 


-o-- 


oo-- 


a2 


ma2a2.2 


san. 
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8085A/8085A-2 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS 


W Single +5V Power Supply 
B 100% Software Compatible with 8080A 
u 1.3 „s Instruction Cycle (8085A); 
0.8 us (8085A-2) 
EB On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 


EB On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 


EM Four Vectored Interrupt Inputs (One is 
non-Maskable) Plus an 8080A- 
compatible interrupt 


m Serial In/Serial Out Port 


EB Decimal, Binary and Double Precision 
Arithmetic 


B Direct Addressing Capability to 64k 
Bytes of Memory 


The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible 
with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed. 
Its high level of system integration allows a minimum system of three IC's [8085A (CPU), 8156 (RAM/IO) and 8355/8755 
(ROM/PROM/IO)| while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A. 


The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
B8080A, thereby offering a high level of system integration. 

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the B bit data bus. The 
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the 8085A. 


INTA RST65 TAAP 


ACCUMULATORA 
[ 


REGISTER 
ARRAY 


ID 
STACK POINTER 
[I] 
PROGRAM COUNTER 


INCREMENTER/DECAEMENTER 
ADDRESS LATCH n6)) 


ENCODING 


TIMING AND CONTROL 


DATA/ADDRESS BUFFER 1 


ADDRESS BUFFER Bu 


CONTROL STATUS DMA 


CLK OUT A ALE SS 10/M HLDA RESET OUT 


READY HOLD RESET IN 


Aıs-As 


AD7-ADg 
ADDRESS BUS ADDRESS/DATA BUS 


Figure 1. 8085A CPU Functional Block Diagram 
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RESET OUT 


x 
x2 


vcc 

HOLD 
HLDA 
CLK OUT) 
RESET IN 


soo 


ADg J 12 So 
AD Aıs 
AD2 Ark 
AD3 J 15 Aı3 
AD4 A12 
ADs Au 
AOg TI 18 An 
AD? Ag 
vss 21NM Ag 


Figure 2. 8085A Pinout Diagram 


8085A FUNCTIONAL PIN DEFINITION 


The following describes the function of each pin: 


Symbol 
As-Aıs 
(Output, 3-state) 


ADo-7 
(Input/Output, 
3-siate) 


ALE 


(Output) 


So, Sı, and IO/M 
(Output) 


Function 


Address Bus: The most significant 8 
bits of the memory address or the 8 
bits of the I/O address, 3-stated dur- 
ing Hold and Halt modes and during 
RESET. 


Multiplexed Address/Data Bus: Low- 
er 8 bits of the memory address (or 
W/O address) appear on the bus dur- 
ing the first clock cycle (T state) ofa 
machine cycle. It then becomes the 
data bus during the second and third 
clock cycles. 


Address Latch Enable: It occurs dur- 
ing the first clock state of a machine 
cycle and enables the address to get 
latched into the on-chip latch of pe- 
ripherais. The falling edge of ALE is 
set to guarantee setup and hold times 
for the address information. The fall- 
ing edge of ALE can also be used to 
strobe the status information. ALE is 
never 3-stated. 


Machine cycle status: 

IO/M Sı So Status 

u ) Memory write 
Memory read 
VO write 

VO read 
Opcode fetch 
Interrupt Acknowledge 
Halt 

Hold 

R Reset 

= 3-state (high impedance) 
x = unspecified 


220-200 


KXO=--2-20- 
xxo-2-0-0- 


Function 


Sı can be used as an advanced R/W 
status. IO/M,So and Sı become valid 


RD 
(Output, 3-state) 


WR 
(Output, 3-state) 


READY 
(Input) 


HOLD 
(Input) 


HLDA 
(Output) 


INTR 
(Input) 
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at the beginning of a machine cycle 
and remain stable throughout the 
cycle. The falling edge of ALE may be 
used to latch the state of these lines. 


READ control: A low level on RD in- 
dicates the selected memory or //O 
device is to be read and that the Data 
Bus is available for the data transfer, 
9-stated during Hold and Halt modes 
and during RESET. 


WRITE control: A low level on WR in- 
dicates the data on the Data Bus is to 
be written into the selected memory 
or V/O location. Data is set up at the 
trailing edge of WR. 3-stated during 
Hold and Halt modes and during 
RESET. ; 


IFREADY is high duringareadorwrite 
cycle, it indicates that the memory or 
peripheral is ready to send or receive 
data. If READY is low, Ihe cpu will 
wait an integral number of clock 
cycles for READY to go high before 
completing the read or write cycle. 
READY must conform to specified 
setup and hold times. 


HOLD indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon re- 
ceiving the hold request, will re- 
linquish the use ofthe bus as soon as 
the completion of the current bus 
transfer. Internal processing can con- 
tinue. The processor can regain the 
bus only after the HOLD is removed. 
When theHOLD isacknowledged, the 
Address, Data, RD, WA, and 10/M 
lines are 3-stated. 


HOLD ACKNOWLEDGE: Indicates 
that the cpu has received the HOLD 
request and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 
removed. The cpu takes the bus one 
half clock cycle after HLDA goes low. 


INTERRUPT REQUEST: is used as a 
general purpose interrupt. It is sam- 
pled only during the next to the last 
clock cycle of an instruction and dur- 
ing Hold and Halt states. If it is active, 
the Program Counter (PC) will be in- 
hibited from incrementing and an 
INTA will be issued. During this cycle 
a RESTART or CALL instruction can 
be inserted to jump to the interrupt 
service routine. The INTR is enabled 
and disabled by software. It is dis- 
abled by Reset and immediately after 
an interrupt is accepted. 


8085A/8085A-2 


8085A FUNCTIONAL PIN DESCRIPTION (Continued) 


Symbol 


INTA 
(Output) 


RST 5.5 
RST 6.5 
RST 7.5 
(Inputs) 


TRAP 
(Input) 


RESET IN 


(Input) 


en 
sts |» | 
rsres | 3 | 
rsrss | 4 | 
om 5 | 


NOTES: 


Function 


INTERRUPT ACKNOWLEDGE: Is 
used instead of (and has the same 
timing as) RD during the Instruction 
cycle after anINTRisaccepted. Itcan 
be used to activate the 8259 Interrupt 
chip or some other interrupt port. 


RESTART INTERRUPTS: These three 
inputs have the same timing as INTR 
except they cause an internal RE- 
START to be automatically inserted. 


The priority of these interrupts is 
ordered as shown in Table 1. These 
interrupts have a higher priority than 
INTR. In addition, they may be indi- 
vidually masked out using the SIM 
instruction. 


Trap interrupt is a nonmaskable RE- 
START interrupt. It is recognized at 
the same time as INTR or RST 5.5-7.5. 
It is unaffected by any mask or Inter- 
rupt Enable. Ithasthe highest priority 
of any interrupt. (See Table 1.) 


Sets the Program Counter tozero and 
resets the Interrupt Enable andHLDA 
flip-flops. The dataandaddress buses 
and the control lines are 3-stated dur- 
ing RESET and because of the asyn- 
chronous nature of RESET, the pro- 
cessor's internal registers and flags 
may be altered by RESET with unpre- 
dictable results. RESET IN isa 


Symbol 


RESET OUT 
(Output) 


X1,% 
(Input) 


CLK 
(Output) 


SıD 
(Input) 


soD 
(Output) 


Vec 
Vss 


Function 


Schmitt-triggered input, allowing 
connection to an R-C network for 
power-on RESET delay. The cpu is 
held in the reset condition as long as 


RESET IN is applied. 


Indicates cpu is being reset. Can be 
used as a system reset. The signal is 
synchronized to the processor clock 
and lasts an integral number of clock 
periods. 


Xı and X2 are connected to a crystal, 
LC, or RC network to drivetheinternal 
clock generator. Xı can also be an 
external clock input from a logic gate. 
The input frequency is divided by 2t0 
give the processor's internal oper- 
ating frequency. 


Clock Output for use as a system 
clock. The period of CLK is twice the 
X1, X2 input period. 


Serial input data line. The dataon this 
line is loaded into accumulator bit 7 
whenever a RIM instruction is exe- 
cuted. 


Serial output data line. The output 
SOD is set or resetasspecified by the 
SIM instruction. 


+5 volt supply. 
Ground Reference. 


TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 


2CH 


rue [ MEERES ne | 
Priority When Interrupt Occurs Type Trigger 
1 2cH | Hignieveluntiisampied, | 


(t) The processor pushes the PC on the stack before branching to the indicated address. 
(2) The address branched to depends on the instruction provided to the cpu when the interrupt is 
acknowledged. 
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FUNCTIONAL DESCRIPTION 


The 8085A is a complete 8-bit parallel central processor. 
Itis designed with N-channel depletion loads andrequires 
a single +5 volt supply. Its basic clock speed is 3 MHz 
(8085A ) or 5 MHz (8085A-2),thusimprovingonthepresent 
8080A’s performance with higher system speed. Also it is 
designed to fit into a minimum system of three IC’s: The 
cpu (8085A), aRAM/IO '8156), and aROM or EPROM/IO 
chip (8355 or 8755A\. 


The 8085A has twelve addressable 8-bit registers. Four of 
them can function only as two 16-bit register pairs. Six 
others can be used interchangeably as 8-bit registers or 
as 16-bit register pairs. The 8085A registersetisas follows: 


Mnemonic Register Contents 
ACC orA Accumulator öbits 
PC Program Counter 16-bit address 
BC,DE,HL General-Purpose 8bitsx6or 
Registers; data 16 bitsx 93 
pointer (HL) 
sF Stack Pointer 16-bit address 
Flags orF Flag Register 5 flags (8-bitspace) 


The 8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle) of a machine cycle the low order address is sent 
out on the Address/Data bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal 
(ALE). During the rest oftnemachinecyclethe data bus is 
used for memory or I/O data. 


The B085A provides RD, WR, S,, S,, and IO/M signals for 
bus control. An Interrupt Acknowledge signal (INTA) Is 
also provided. HOLD and all Interrupts are synchronized 
with the processor's Internal clock. The 8085A also pro- 
vides Serlal Input Data (SID) and Serlai Output Data 
(SOD) lines for simple serlal interface. 


In addition to these features, the B085A has three mask- 
able, vector interrupt pins and one nonmaskable TRAP 
interrupt. 


INTERRUPT AND SERIAL V/O 


The 8085A has 5 interrupt inputs: INTA, RST 5.5, RST 6.5, 
RST 7.5, and TRAP. INTR is identical in function to the 
8080A INT. Each of the three RESTART inputs, 5.5, 6.5, 
and 7.5, has a programmable mask. TRAP is also a 
RESTART interrupt but it is nonmaskable. 


The three maskable interrupts cause the internal execu- 
tion ofRESTART (saving the program counter inthestack 
and branching to the RESTART address!) ifthe interrupts 
are enabled and if the interrupl mask is not set. Thenon- 
maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the inter- 
rupt enable or masks. (See Table 1.) 


There are two different types of inputs in the restart in- 
terrupts. RST 5.5 and RST 6.5 are high level-sensitive like 
INTR (and INT on the 8080) and are recognized with the 
same timing as INTR. RST 7.5 is rising edge-sensitive. 


For RST 7.5, only a pulse is required to set an internal 
flip-flop which generates the internal interrupt request. 
(See Section 5.2.7.) The RST 7.5 request flip-flop remains 
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set until the request is serviced. Then it is reset auto- 
matically. This flip-flop may also be reset by using the 
SIM instruction or by issuing a RESET IN to the B085A. 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when the RST 7.5 interruptismaskedout. 


The status of the three RST interrupt masks can only be 
affected by the SIM instruction and RESET IN. (See SIM, 
Chapter 5. 


The interrupts are arranged in a fixed priorily that deter- 
mines which interrupt is to be recognized if more than 
one is pending as follows: TRAP — highest priority, 
RST 7.5, RST 6.5, AST 5.5, INTR — lowest priority. This 
priority scheme does not take into account the priority 
of aroutine that was started by a higher priority interrupt. 
RST 5.5 can interrupt an RST 7.5 routine ifthe interrupts 
are re-enabled before the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog- 
nized just as any other interrupt bul has the highest 
priority. It is not affected by any flag or mask. The TRAP 
input is both edge and level sensitive. The TRAP input 
must go high and remain high until it is acknowledged. 
It will not be recognized again until it goes low, then high 
again. This avoids any false triggering due lo noise or 
logie glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the 8085A. Note thaltheservicing 
of any interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) 
disables all future interrupts (except TRAPS! until an El 
instruction is executed. 


INSIDE THE 
EXTERNAL BORSA, 
TRAP 


INTERAUPT 
REQUEST TRAP 


4 — 


RESET IN 


INTERAUPT 
REQUEST 


TRAPF.F 


INTERNAL 
TRAP 
ACKNOWLEDGE 


Figure 3. TRAP and RESET IN Circult 


The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enable status. Per- 
forming the first RIM instruction following a TRAP inter- 
rupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent 
RIM instructions provide current interrupt enable status. 
Performing a RIM instruction following INTR, or RST 
5.5-7.5 will provide current Interrupt Enable status, 
revealing that Interrupts are disabled. See the descrip- 
tion ofthe RIM instruction in Chapter 5. 

The serial I/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 


8085A/8085A-2 


DRIVING THE Xı AND X: INPUTS 


You may drive the clock inputs of the 8085A or 8085A-2 
with a crystal, an LC tuned circuit, an RC network, or an 
external clock source. The driving frequency must be at 
least 1 MHz, and must be twice the desired internal clock 
frequency: hence, the 8085A is operated with a 6 MHz 
crystal (for3 MHz clock), andthe 8085A-2 can be operated 
with a 10 MHz crystal (for5 MHz clock). Ifacrystalis used, 
it must have the following characteristics: 


Parallel resonance at twice the clock frequency desired 
CL (load capacitance) < 30 pf 

Cs (shunt capacitance) < 7 pf 

Rs (equivalent shunt resistance) < 75 Ohms 

Drive level: 10 mW 

Frequency tolerance: +.005% (suggested) 


Note the use of the 20pF capacitor between X, and 
ground. This capacitor is required with crystal 
trequencies below 4MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC circuit 
may be used as the frequency-determining network for 
the 8085A, providing that its frequency tolerance of 
approximately +10% is acceptable. The components 
are chosen from the formula: 


> 1 


2mVL(Cext + Cint) 


*20 pf CAPACITOAS REQUIRED FOR 
CRYSTAL FAEQUENCY < 4 MHz ONLY. 


A. Quartz Crystal Clock Driver 


€. RC Circull Clock Driver 


Figure 4. Clock Driver Circuite 
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To minimize variations in frequency, it is recommended 
that you choose a value for Cexı that is at least twice that 
of Cint or 30 pF. The use of an LC circuit is not recom- 
mended for frequencies higher than approximately5MHz. 


An RC circuit may be used as the frequency-determining 
network for the B085A if maintaining a precise clock fre- 
quency is of no importance. Variations in the on-chip 
timing generation can cause a wide variation in frequency 
when using the RC mode. Its advantage is its low com- 
ponent cost. The driving frequency generated by the 
circuit shown is approximately 3 MHz. It is not recom- 
mended that frequencies greatly higher or lower than this 
be attempted. 


Figure 4 shows the recommended clock driver circuits. 
Note inDandEthatpullup resistors arerequired lo assure 
that the high level voltage of the input is at least 4 V. 


For driving frequencies up to and including 6 MHz you 
may supply the driving signal to Xı and leave X2 open- 
circuited (Figue 4D\. Ifihe driving frequency is from 6 MHz 
to 10 MHz, stability ofthe clock generator will beimproved 
by driving both Xı and X2 with a push-pull source (Figure 
4E). To prevent self-oscillation of the 80854, be sure that 
X2 is not coupled back to Xı through the driving circuit. 


Low time > 60 ns 


"X2LEFT FLOATING 


D. 1-6 MHz Input Frequency External Clock Driver 
Clreult 


+5V 


Low time > 40. ns 


E. 1-10 MHz Input Frequency External Clock Driver 
Clreuit 
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GENERATING AN 8085A WAIT STATE 


If your systern requirements are such that slow memories 
or peripheral devices are being used, the circuit shown in 
Figure 5 may be used to insert one WAIT state in each 
8085A machine cycle 


The D flip-flops should be chosen so that 
® CLK is rising edge-triggered 
® CLEAR is low-level active. 


8085A 


CLK OUTPUT To 


8085A 

READY 

INPUT 
+5V 


Figure 5. Generation of a Wait State for 8085A CPU 


As in the 8080, the READY line is used to extend the read 
and write pulse lengths so that the 8085A can be used with 
slow memory. HOLD causes the cpu to relinquish the bus 
when it is through with it by floatingthe Address and Data 
Buses. 


SYSTEM INTERFACE 


The 8085A family includes memory components, which 
are directly compatible to the 8085A cpu. For example, a 
system consisting of the three chips, 8085A, 8156, and 
8355 wilt have the following features: 


« 2K Bytes ROM 

« 256 Bytes AAM 

® 1 Timer/Counter 

© 4 8-bit I/O Ports 

e 1 6-bit I/O Port 

® 4 Interrupt Levels 

e Serial In/Serial Out Ports 


This minimum system, using the standard I/O technique 
is as shown in Figure 6. 


In addition to standard I/O, the memory mapped /O 
offers an efficient I/O addressing technique. With this 
technique, an area of memory address space is assigned 
for I/O address, thereby, using the memory address for 
/O manipulation. Figure 7 shows the system configura- 
tion of Memory Mapped I/O using 8085A. 


The 8085A cpu can also interface with the standard 
memory that does not have the multiplexed address/data 
bus. It will require a simple 8212 (8-bit latch) as shown in 
Figure 8. 


x 
TRAP 
AST7,5 
AST6,5 
ASTS,5 
INTA 


Ar 
ADOR Darı ALE AD WA Pr RB CLK 


{BE BIENEN 
PIERRE 


"NOTE: OPTIONAL CONNECTION 


Figure 6. 8085A Minimum System (Standard W/O 
Technlque) 
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8085A MINIMUM SYSTEM CONFIGURATION 


8085A 


8355 [ROM + 1/0] 
oR 


[RAM + /O + COUNTER/TIMER] 8755A [PROM + 1/0] 


STANDARD 
MEMORY 


ADDR ICS) 


Figure 8. MCS-85'" System (Using Standard Memories) 
477 


8085A/8085A-2 


BASIC SYSTEM TIMING 


The 8085A has a multiplexed Data Bus. ALE is usedasa 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 9 shows an instruction fetch, memory read 
and I/O write cycle (as would occur during processing of 
the OUT instruction). Note that during the I/O write and 
read cycle that the I/O port address is copied on both the 
upper and lower half of the address. 


There are seven possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status lines (IO/M, Sı, So) and the three control 
signals (RD, WA, and INTA). (See Table 2.) The status 
lines can be used as advanced controls (for device selec- 
tion, for example), since they become active at the Tı 
state, at the outset of each machine cycle. Control lines 
AD and WR become active later, at the time when the 
transfer of data is to take place, so are used as command 
lines. 

A machine cycle normally consists ofthree T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states (unless WAIT or HOLD states 
are forced by the receipt of READY or HOLD inputs). Any 
T state must be one of ten possible states, shown in 
Table 3. 


M, 


Add, 


(LOW ORDER DATA FROM 
ADDRESS) one 


IINSTAUCTION) 


STATUS 


Figure 9. 8085A Basic System Timing 


DATA FAOM MEMORY 
(H/O PORT ADDRESS) 


TABLE 2. 8085A MACHINE CYCLE CHART 


MACHINE CYCLE 


OPCODE FETCH (OF) 
MEMORY READ (MR) 

MEMORY WRITE (MW) 

VO READ 1oR) 

YO WRITE 1ow} 
ACKNOWLEDGE 

OF INTA (INA) 

BUS IDLE {Bl}: DAD 
ACK.OF 
RST,TRAP 
HALT 


Tı 

T2 
Twaıt 
T3 

Te 

Ts 

Te 
TAESET 


Tuaır 
ThoıLo 


mA. | 
1 
0 
0 
0 
0 
0 
(1) 
{e] 
0 
0 


TS = High Impedance 
X = Unmpecilied 


= Loge "0" 
1 = Logie 1” 


* ALE not generated during 2nd and Ird machine cycles of DAD instruction 
1 10/M = 1 during T4-Tg of INA machine cycle. 


m, m, 


r n T, T 


> 


EX) 


DATA TO MEMORY 
OR PERIPHERAL 


|) SS IFETCH) |) 10 (READ} B 01 WRITE B n 
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TABLE 4. ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias... ...... 0°C to 70°C 
Storage Temperature .... 2222. 65°C to +150°C 
Voltage on Any Pin { 

With Respect to Ground 
Power Dissipation 


-0.5V to +7V 
1.5 Watt 


TABLE 5. D.C. CHARACTERISTICS 


"COMMENT 


Stresses above those listed under "Absolute Maximum Ratings" may cause 
permaneni damage Io the device. Thısisastress rating only and funclional 
operation ol the device at these or any other conditions above those 
indicated in the operational sections of this specilication is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may aflect device reliabilily. 


(T, = 0°C to 70°C; Var = 5V #5%; Ver = OV; unless otherwise specified) 
A cc ss 


Sember | Pam _ [Mn | 
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| Man | Test Conditions 
+08 | 
+0.5 


as | PIgEr\ 
E 


A 
0.45V < Van < Vec 

v 

v 


v 


TABLE 6. A.C. CHARACTERISTICS 
Ta=0°C t0 70°C; Vec=5V #5%; Vgs=0V 


Parameter 


CLK Cycle Period 
CLK Low Time (Standard CLK Loading) 


CLK High Time (Standard CLK Loading) 


CLK Rise and Fall Time 

X, Rising to CLK Rising 

X, Rising to CLK Falling 

Ag. ı; Valld to Leading Edge of Control!) 

Ao.7 Valld to Leading Edge of Control 

Ao-ıs Valld to Valid Data In 

Address Float After Leading Edge of 
READ (INTA) 

Ag-ıs Valid Before Trailing Edge of ALEN! 

Ag. Valld Before Tralling Edge of ALE 

READY Valid from Address Valid 

Address (Ag,.ı5) Valld After Control 


Width of Control Low (RD, WR, INTA) 
Edge of ALE 

Traillng Edge of Control to Leading Edge 
of ALE 

Data Valld to Tralling Edge of WRITE 

HLDA to Bus Enabie 


Bus Float After HLDA 

HLDA Valid to Trailing Edge of CLK 

HOLD Hold Time 

HOLD Setup Time to Tralling Edge of CLK 

INTR Hold Time 

INTR, AST, and TRAP Setup Time to 
Falling Edge of CLK 

Address Hold Time After ALE 

Tralling Edge ot ALE to Leading Edge 
ot Control 

ALE Low During CLK High 

ALE to Valld Data During Read 

ALE to Valld Data During Write 

ALE Width 

ALE to READY Stable 
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Table 6. A.C. Characterlstics (Cont.) 


| Min. | Max. | Min. | Max. | 


Parameter 


Trailing Edge of READ to Re-Enabling 
of Address 


taD READ (or INTA) to Valid Data ns 

tAv Control Tralling Edge to Leading Edge ns 
of Next Control 

taDH | Data Hold Time After READ INTA”) ns 

tAYH READY Hold Time ns 

tays READY Setup Time to Leading Edge ns 
of CLK 

twD Data Valid After Trailing Edge of WRITE 


LEADING Edge of WRITE to Data Valld 


Notes: 
1. Ag-Aıs address Specs apply to IO/M, So, and $; except Ag-Aıs are undelined during T4-Tg of OF cycle 
whereas IO/M. So, andS; are stable. 


2. Test conditions: Icyc = 320ns (8085A)/200 ns (8085A-2), C = 150 pF. 
3. Forall output timing where C, = 150 pF use the lollowing correction factors: 
25pF s C,< 150pF: -0.10nsipF 
150pF < CL s 300pF: +0.30ns/pF 
4. Output timings are measured with purely capacitive load. 
5. All limings are measured at outpul votage V| =0.8V, V4=2.0V, and 1.5V with 20ns rise and fall time on inputs. 
6. To calculale timing specifications at other values of tcyc use Table 7. 
7. Data hold time is guaranteed under all loading conditions. 


Input Wavelorm for A.C. Teste: 


24 


20 
_ u 
> TESTPONTS <T 


045 0.8 0.8 
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TABLE 7. BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT 


8085 A 
(1/2) T-45 
- (1/2) T-60 
(1/2) T- 20 


Se - MWAT-60 MIN 
U% - (VA T-30 MIN 


tan -  (5/2+N)T- 225 MAX 
in -  (3/2+N) T-180 MAX 


ne - MMT-10 MIN 
ER - (2)T-40 MIN 


tw (372 + N) T-60 MIN 
fg - (N T-60 MIN 


cc = (3/2 +N)T-8&0 MIN 
tcı = W2)T- 110 MIN 


- (3/2) T - 260 MAX 


MAX 
-  (W2)T+50 MAX 


Ye - (2/2) T-50 MIN 
t, = (1/2) T- 80 MIN 
t - (19 T-40 MIN 
S - - MIN 

MAX 


tHABF 


t (3/2) T- 80 


tLDR - (4/2) T- 180 


8085A-2 


- N 
LC z 
x 


Mer (1/2) T - 50 MI 


an - (5/2+N)T-150 MA 
fan -  (3/2+N)T-150 MAX 


tue - (WAT-10 MI 
t - 12) T-40 MIN 


CA = 
tpw = 2 
fs (1/2) T- 40 
fe - (W2+N) T-70 

2 = z 

HA = = 

: = 
ä = 


N 
x 
MAX 


tLDR = (W2)T-130 


MIN 
MIN 
MIN 
MIN 
M 
MA 
MIN 
MIN 


NOTE: N isequal to the total WAIT states. NOTE: N is equal to the total WAIT states. 
T=teyc- T=teyc- 
Xı INPUT 
eıLK 
OUTPUT 


Figure 10. Clock Timing Wavelorm 
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Read Operation 


T, T, T, T, 

CLK 

Me cn —e a —e 

17 
AgAıs ADDRESS i 
- Ina 
%o > non — 

ALE 
RD/INTA 


Write Operation 


cıLK 


| Tı j T | Twaır l T3 | T 


wm james | 4 
aA DO | anones 73 W// NIE: B' 


ee] a 
Aue nn SEE TEE Free 
ei A n 
| PA 
kanv Inyn Invs tnynı 


bad | Ya |) 


NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES. 


Figure 11. 8085A Bus Timing, With and Without Wait 
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Hold Operation 


Figure 12. 8085A Hold Timing. 


Pe BUS FLOATING* 


Eı u 


tnack 'nnor *10/M IS ALSO FLOATING DURING THIS TIME. 


’ 
INTRy y 3 5 


HLDA 


Figure 13. 8085A Interrupt and Hold Timing 
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8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING 


Table 6-1 
Insteuetion Code (1) Instruction Code (1) 
Mnemonic Description 07 06 05 Dg 03 D2 04 Dg Mnemonc Description 07 06 D5 04 03 02 Di De 
MOVE, LOAD, AND STORE 
MOVrtr2 Move register to register 0 1 0 D [u ss cz Call on zero 1 1 0 0 1] 1 00 
MOVM.r Move register to memory 0 ı 1 1 08 SS $ NZ Call on no zero ) 1  ı] 0 1 0 0 
MOVr.M Move memory toregister 0 ı 0° 0 0 1 1 0 cp Call on positive 1 1 1) 1} 0 1 00 
MVir Move immediate register 0 0 [1] D [ı} 1 1 0 cM Call on minus 1] ] 1 1 1] 1 0 0 
MVIM Move immedistememorvy 0 0 1910 171090 CPE Call on parity even ı 19120791100 
LXIB Load ımmedite register 0 oo or oo 8 0 ı cPO Call on parity odd 1} 1 10% ' 00 
ParB&C RETURN 
LXID Load immediate register 0 0 0 I oo oo ı RET Return 1 1 00 ) o 0 1ı 
Pair O5 E RC Return on carry ı 109171000 
LXIH Load immediate register 0 0 1000 0.1 ANC Return on no carry N N oa 000» 
Pirn&il R2 Return on zero ıı001000 
STAXB Store A indirect oo 0 0 0 0 1% ANZ Adturnon:noterä \ ı0 0000000 
STAXD Store A indırect 0 0 0 1 0 0 1 0 AP Aeturn on positive N 1 1 ’ 0 0 oo 
LDAXB Load A indirect 0 000 t 0 10 RM Asturn on minus \ \ 1 1 t ooo 
LOAXO Load A indirect 0 0 0 1 1 0 ı 0 APE Return on psrity even 1 ı N f} N 0 oo 
ne Aka : h ; . ’ h RPO Aeturn on parity odd 1 1 1 0 0 0 00 
0a irec. 
SHLO Store H & L direct 0 0 1 0 0 0 I 0 AESTART 
f RST Restart I I AA A 1 1 1 
LHLD Load H & L direct 0 0 r 0 1 0 10 
XCHG Exchange DB E.H GL 1 1 ı 0 1 0 } 1 INPUT/OUTPUT 
Registers IN Input I ? 0 1 1 0 1 1 
STACK OPS our Output ' 1 0 1 0 0 1 1 
PUSH B Push register Pair B & 1 100% 1 o.ı INCREMENT AND DECREMENT 
Con stack INAr Increment register 0 0 D 0 D 1} 00 
PUSH D Push register Pair D & 1 1 0 1 0 1 0 1 DER « Decrement register 0 0280 2 ı oe 1 
E on stack INA M Increment memory 0 0 1 1 0 1 00 
PUSH H Push register Paır H & 1 1 1 0 0 1 0 1 DCAM Decrement memory 0 [} ] I 0 ' 0 j} 
Lansısck INKB IncrementB&C oo oo 0 0 1A 
PUSH PSW Push A and Flags 1 1 1 1 0 1 | registers v 
anıstack INX D Increment D& E oo oo ıoao 0 1 K\ 
POP B Pop register Pair 8 & 1 1 0000090 71 tegisters 
C.allstöek INXH Increment H&L op o1ı900909 11 
POPD Pop register Pair D & I} 1 0 1 0 0 0 I registers 
E off stack 
POPH Pop register Par H& 1 1 1 (} 0 0 0 1 Dre Dresemen! BEE . ı x x ! ! ! ! 
Lofl stack DCXD Decrement DA E 0 0 0 1} ı 0 1 ı 
POPPSW Pop A and Flags ı vo 001 DSH „ADeeimenhHieiL a 
off stack ADD 
XTHL Exchange top of 1 } 1 0 0 0 1 ı A0UDr Add register to A 1 0 00 0 $ ss 
stack. HL Aöcr Add register to A ı 0008 185 58% 
SPHL H & L to stack pointer 1 1 1 1 1 0 0 1 with carıy 
LXISP Load immediate stack oo ı 10090071 ADO M Add memory 10 A 1 op co oo 1 1.0 
pointer ADCM Add memory ioA 1 (} 0 0 1 I 1 0 
INX SP Increment stack pointer 0 b} ) 1 00 1 1 with carty 
DCX SP Decrement sisck oe o01ı 1 1 0 u | ADI Add ımmediate 10 A 1 00% 1 10 
pointer ACı Add ımmedıate to A 1 1 [) 0 I j 1 0 
JUMP with carey 
JMP Jump unconditiona! } I 00 0 0 I 1 DADB AO MCIEH EL, y 0 0.0 i N y , 
Ic Jümp’on.dariy f ı 0 ' | 0 f 0 DADD AddDBEIOHAL 0 0 (} 1 1 0 0 1 
INC Jump on no carry \ \ N f 0 0 f N DAD H AddHALIOHEL 0 0 1 0 1 0 0 1 
2 Jump on zero ı ro o0o10210 Dana SER Kae a Be Fe Ze u 
NZ Jump on no zero 1 ı 0000 1.0 
yp Jump on positive ı 1371010980109 SUBTRACT 
IM Jump on minus \ \ \ f 1 } io SuBr hie register 1 00 1 0 SS $ 
‚RE Juma.on'parity/ even ! ! 1 4 ! 2 ae SBBr Subtract register from 1 0 0 1 1 Ss ss 
JPO Jump on parity odd N ı 1 0 0 0 1 0 A wıth borrow 
PCHL H& L 10 program 1 1 10 1 007141 SUB M Subtract memory 1 oo f} \ 0 
counter ER Irom A 
CALL SBBM  Subwacmemayyiom 1001 1 1010 
CALL Call uncanditional I I o 0 1 ı 01 A with borsow 
cc Call on carry 1 ’ 0 1 1 ı v0 suI Subtract ımmediate I 1 0 ı 0 1 1 0 
CNC Call on no carıy 1 I 0 1 0 I 00 from A 


“All mnemonics copyrighted «Intel Corporation 1976. 
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8085A INSTRUCTION SET SUMMARY (Cont’d) 


Table 6-1 
Instruction Code (1) Instruction Code (1) 

Mnemonic Description DI D6 05 Da D3 02 Di Dg Mnemonie Description 07 ds ds Du 03 O2 OD Do 
sal Subtract immediate 1 1 0 1 1 1 1 0 RAC Rotste A right 0 0 0 0 1 1 1 1 

Irom A with borrow RAL Rotate A left through oo 0 ı oo ı 1 1 
LOGICAL carry 
ANAr And register with A 1 0 1 0 0 s$S 5$ RAR Rotata A right through 0 0 0 1 1 1 1 I 
XRAr Exclusive OR register } 0 1 [ı} 1 Ss carry 

with A 
ORAr OR register with A 1} 0 1 1 08s ss SPECIALS 
CMPr Compare register with A } oı } 158% cMA Complamant A o 0 1071 1 1 
ANAM And memary with A ı o1ı0012190 sTe Sat cary vboıı oa 1 
RAM  Exchwive ORmemey 1 0 10.101010 emu Complemant carry oo ı a nd 

with A DAA Decimal adjusi A oo ıı 0 90d ı7919 [1 
ORAM OA memory with A 1 0 1 1 0 ı 10 CONTROL 
CMPM Compare memory withA 1 0 1 | 1 1 1 0 
ANI AndimmeditawthA 1 1100110 el Enable Interrupts La u un ae. ae. Kae ER 
XRI Exclusive ORimmedite 1 1 1 0 1 1 10 01 Disable Interrupt Le an. Er a SE SE 

with A NOoP No-operation 0} 0 00 0 0 ı 
oRI OR immediate wilh A 1 1 ı 1 0 1 1 0 ALT Halt 0 ı 1 I 0 I 1 0 
cPi Compare immediate 1 ı 1 1 1 1 1 0 

with A NEW B0B5A INSTRUCTIONS 
ROTATE RIM Aead Interrupt Mask oe 0 ı1ı0 000% 
ALC Rotaste A left 0 oe oo 0 ı 11 SIM Set Interrupt Mask 0 0 1 ı 000% 


NOTES: 1. DDS or SS$: B.000, C 001, 0. 010, EO11,H 100, L 10}, Memory 110, A 111. 
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flag. 


"All mnemonics copyrighted © Intel Corporation 1976. 
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8086/8086-2/8086-4 
16-BIT HMOS MICROPROCESSOR 


a Direct Addressing Capability to 1 e Bit, Byte, Word, and Block Operations 


MByte of Memo 
E 7 a 8-and 16-Bit Signed and Unsigned 


Arithmetic in Binary or Decimal 
including Multiply and Divide 


u 5 MHz Clock Rate (8 MHz tor 8086-2) 
m 14 Word, By 16-Bit Register Set with (4 MHz tor 8086-4) 
Symmetrical Operations 


a Assembly Language Compatible with 
8080/8085 


= MULTIBUS'” System Compatible 
a 24 Operand Addressing Modes Interface 


The Intel® 8086 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes ol both 8- and 
16-bit microprocessors. It addresses memory as a sequence of B-bit bytes, but has a 16-bit wide physical path to mem- 
ory for high performance. 


EXECUTION UNIT BUS INTERFACE UNIT 


rerocatıon | 
REGISTER FILE REGISTER FiLE 


SEGMENT 
REGISTERS 


DATA. 
POINTER, AND AND 
INDEX REGS INSTAUCTION 


{8 WORDS) POINTER 3 
15 WORDS) 2 
3 
4 
5 
6 
’ 
Bus 8 
INTERFACE 
9 
(HOLD) 
(HLDA) 
(WR) 
(mio) 
(0TIA) 
(ÖEN) 
tALE) 
(INTA) 
RE — 
INT ——| 
NM —e- 
KOdto, (3) CONTROL & TIMING 
HoLo EIKIEO 
HLOA 
CLR RESET AEADY MNIMX GND 
Vec 
Figure 1. 8088 CPU Functional Block Diagram Figure 2. 8086 Pin Diagram 


487 


intel 
FUNCTIONAL DESCRIPTION 


GENERAL OPERATION 


The internal functions of the 8086 processor are parti- 
tioned logically into two processing units. The first is 
the Bus Interface Unit (BIU) and the second is the Exe- 
cution Unit (EU) as shown in the block diagram of Figure 
1. 


These units can interact directly but for the most part 
perform as separate asynchronous operational process- 
ors. The bus interface unit provides the functions related 
to instruction fetching and queuing, operand fetch and 
store, and address relocation. This unit also provides the 
basic bus control. The overlap of instruction pre-fetching 
provided by this unit serves to increase processor perfor- 
mance through improved bus bandwidth utilization. Upto 
6 bytes of the instruction stream can be queued while 
waiting for decoding and execution. 


The instruction stream queuing mechanism allows ihe 
BIU to keep the memory utilized very efficiently. When- 
ever there is space for at least 2 bytes in the queue, Ihe 
BIU will attempt a word fetch memory cycle. This greatly 
reduces "dead time’' on the memory bus. The queue 
acts as a First-In-First-Out (FIFO) buffer, from which the 
EU extracts instruction bytes as required. If the queue is 
empty (following a branch instruclion, for example), Ihe 
first byte into the queue immediately becomes available 
to the EU. 


The execution unit receives pre-fetched instruclions 
trom the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. See the Instruction Set 
description for furiher register set and architeciural 
descriptions. 


MEMORY ORGANIZATION 


The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memory is 
logically organized as a linear array of 1 million bytes, 
addressed as 00000(H) to FFFFF(H). The memory can be 
further logically divided into code, data, alternate data, 
and stack segments of up to 64K bytes each, with each 
segment falling on 16-byte boundaries. (See Figure 3a.) 


Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to 
even boundaries as is the case in many 16-bit com- 
puters. For address and data operands, the least signifi- 
cant byte of the word is stored in the lower valued 
address location and the most significant byte in the 
next higher address location. The BIU automatically per- 
forms the proper number of memory accesses, one if 
the word operand is on an even byte boundary and two if 
it is on an odd byte boundary. Except for the pertor- 
mance penalty, this double access is transparent to the 
software. This performance penalty does not occur for 
instruction fetches, only word operands. 

Physically, the memory is organized as a high bank 
(Dis-Da) and a low bank (D,-Do) of 512K 8-bit bytes 
addressed in parallei by the processor's address lines 
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Aıg - Aı. Byte data with even addresses is transferred on 
the D7-Do bus lines while odd addressed byte data (Ao 
HIGH) is transferred on the Dı1s-Dgbus lines. The process- 
or provides two enable signals, BHE and Av, to selectively 
allow reading from or writing into either an odd byte 
location, even byte location, or both. The instruction 
stream is fetched frorn memory as words and is addressed 
internally by the processor to the byte level as necessary. 


EFFH 
FF 


CODE SEGMENT 


KXXXOH 


STACK SEGMENT 
+ OFFSET 


SEGMENT 
REGISTER FILE 


| DATA SEGMENT 


je DATA SEGMENT 


Figure 3a. Memory Organization 


In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the slart- 
ing byte of the word is on an even or odd address, 
respectively. Consequently, in referencing word oper- 
ands performance can be optimized by locating data on 
even address boundaries. This is an especially useful 
technique for using the stack, since odd address refer- 
ences to the stack may adversely affect the context 
switching time for interrupt processing or task mulli- 
plexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from address 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial program loading routine. 
Following RESET, the CPU will always begin execution 
at location FFFFOH where the jump must be. Locations 
00000H through OO3FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt types has 
its service routine pointed to by a 4-byte pointer element 
consisting of a 16-bit segment address and a 16-bit off- 
set address. The pointer elements are assumed to have 
been stored at the respective places in reserved memory 
prior to occurrence of interrupts. 
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FFFEFH 


FFFFOH 


INTERAUPT POINTER 
FOR TYPE 255 


INTERAUPT POINTER 
FOR TYPE t 
INTERAUPT POINTER 
FOR TYPE O0 


Figure 3b. Reserved Memory Locations 
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MINIMUM AND MAXIMUM MODES 


The requirements for supporting minimum and max- 
imum 8086 systems are sufficientiy different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8086 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes 
dependent on the condition of the strap pin. When 
MNI/MX pin is strapped to GND, the 8086 Ireats pins 24 
through 31 in maximum mode. An 8288_bus controller 
interprets status information coded into Sg,S1,52 to gen- 
erate bus timing and control signals compatible with 
the MULTIBUST” architecture. When the MNI/MX pin Is 
strapped to Vcc, the 8086 generates bus control signals 
Itself on pins 24 through 31, as shown In parentheses In 
Figure 2. Examples of minimum mode and maximum 
mode systems are shown in Figure 4. 


GENERATOR 


N GENERATOR | 


Eo-ea 


2142 RAM (4) 2716-2 PROM (2) 
(2) IC) 


MCS-80 
PERIPHERAL 


Figure 4a. Minimum Mode 8086 Typical System Configuration 
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usa 
CLocK 
GENERATOR 
"EB 


| ‚stare | 
| GENERATOR f 


| 


IS: 


| 02 
C| TRanscEıver 


WCS.80 
PERIPHERAL 


Figure 4b. Maximum Mode 8086 Typlical System Configuration 


BUS OPERATION 


The 8086 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This tech- 
nique provides Ihe most eflicient use of pins on the 
processor while permitting the use of a standard 40-lead 
package. This “local bus” can be buffered directiy and 
used throughout the system with address latching pro- 
vided on memory and YO modules. In addition, the bus 
can also be demultiplexed at the processor with a single 
set of address latches if a standard non-multiplexed bus 
is desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T,, T,, T3 and T, (see 
Figure 5). The address is emitted from the processor 
during T, and data transfer occurs on the bus during Tz 
and T,. T2 is used primarily for changing Ihe direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 
"Wait" states (Ty,) are inserted between T, and T,. Each 
Inserted ''Wait" state is of Ihe same duration as a CLK 
cycle. Perlods can occur between 8086 bus cycles. 
These are referred to as “Idle” states (T,) or Inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 


During T, of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the MN/MX strap). At 
the tralling edge of this pulse, a valid address and cer- 
taln status information for the cycle may be latched. 
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Status bits So S,, and S, are used, in maximum mode, 
by Ihe bus controller to identify the type of bus transac- 
tion according to the following table: 


Ele: CHARACTERISTICS 
[) 


0 Interrupt Acknowledge 
Read IVO 

Write /O 

Halt 

Instruction Fetch 
Read Data from Memory 
Write Dala Io Memory 
Passive (no bus cycle) 


Status bits S; through $, are multiplexed with high- 
order address bits and the BHE signal, and are therefore 
valid during Tz through Tg. S3 and Sy indicate which 
segment register (see Instruction Set description) was 
used for this bus cycle in forming Ihe address, accord- 
ing to the following table: 


|_ 5153| _cHaRactenistics | 


0 (LOW) Alternate Data (extra segment) 
0 Stack 

Code or None 

Data 


1 (HIGH) 
1 


Ss is a reflection ofthe PSW interrupt enable bit. S6=0 and 
S7 is a spare status bit. 


14 + Nwaır! = Tor 


WEMORY ACCESS TIME 
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4 + Nwaın = Tcy 


| T3 | Twaıt 


aoes MacTe IN THE STATE 


UST PRIOR TO Ta 


Figure 5. Basic System Timing 


VO ADDRESSING 


In the 8086, WO operations can address up to a max- 
imum of 64K I/O byle regisiers or 32K VO word registers. 
The l/O address appears in the same format as the 
memory address on bus lines Aıs-Ao. The address lines 
Aıg-Aıs are zero in l/O operations. The variable VO in- 
structions which use register DX as a pointer have full 
address capability while the direct l/O instructions 
directly address one or two of the 256 I/O byte locations 
in page 0 of the l/O address space. 


VO ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the 
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D,-Do bus lines and odd addressed bytes on D4s-Dp. 
Care must be taken to assure that each register within 
an B-bit peripheral located on the lower portion of the 
bus be addressed as even. 


EXTERNAL INTERFACE 


PROCESSOR RESET AND INITIALIZATION 


Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8086 RESET is 
required 10 be HIGH for greater than 4 CLK cycles. The 
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8086 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is 
HIGH. The low-going transition of RESET triggers an 
internal reset sequence for approximately 10 CLK cycles. 
After this interval the 8086 operates normally beginning 
with the instruction in absolute location FFFFOH (see 
Figure 38). The details ofthis operation are specified inthe 
Instruction Set description of the MCS-86 Family User's 
Manual. The RESET input is internallysynchronizedtothe 
processor clock. At initialization the HIGH-to-LOW trans- 
ition of RESET must oocur no sooner than 50 us after 
power-up, to allow complete initialization of the 8086. 


IE INTR is asserted sooner than I9CLK cycles after the end 
of RESET, the processor may execute one instruction 
before responding to the interrupt. NMI may not be assert- 
ed prior to the 2nd CLK cycle following the end of RESET. 


INTERRUPT OPERATIONS 


Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspecis of hardware interrupts are specified in 
the Instruction Set description. Hardware interrupts can 
be classified as non-maskable or maskable. 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing address 
pointers to the interrupt service program locations 
resides in absolute localions O0 through IFFH (see 
Figure 3b), which are reserved for this purpose. Each 
element in the table is 4 bytes in size and corresponds 
to an interrupt “type”. An interrupting device supplies 
an 8-bil {ype number, during the interrupt acknowledge 
sequence, which is used to "vector" Ihrough the ap- 
propriate element to the new interrupt service program 
location. 


NON-MASKABLE INTERRUPT (NMI) 


The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable in- 
terrupt request pin (INTR). A typical use would be to ac- 
tivate a power failure routine. The NMI is edge-triggered 
on a LOW-to-HIGH transition. The activation of this pin 
causes a type 2 interrupt. (See Instruction Set descrip- 
tion.) 


NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any high-going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide, and variable shift instruc- 
tions. There is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers 
another response if it occurs after ihe start of the NMI 
procedure. The signal must be free of logical spikes in 
general and be free of bounces on the Iow-going edge to 
avoid triggering extraneous responses. 


MASKABLE INTERRUPT (INTR) 


The 8086 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable FLAG status bit. The 
interrupt requesi signal is level triggered. It is internally 
synchronized during each clock cycle or the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block-type instruction. During the interrupt response 
sequence further interrupts are disabled. The enable bit 
is reset as part of the response to any interrupt (INTR, 
NMI, software interrupt or single-step), although the 


TYPE VECTOR 


N 


FLOAT 
AOg-ADıs 


Figure 6. Interrupt Acknowledge Sequence 
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FLAGS register which is automatically pushed onto Ihe 
stack reflects the state of the processor prior to the 
interrupt. Until the old FLAGS register is restored the 
enable bit will be zero unless specifically set by an 
instruction. 


During the response sequence (figure 6) the processor 
executes Iwo successive (back-to-back) interrupt 
acknowledge cycles. The 8086 emits the LOCK signal 
from Tz of the first bus cycle until T, of Ihe second. A 
local bus “hold” request will not be honored until the 
end of the second bus cycle. In the second bus cycle a 
byte is feiched from the external interrupt system (e.g.. 
8259A PIC) which identifies the source (type) of the 
interrupt. This byte is multiplied by four and used as a 
pointer into the interrupt vector lookup table. An INTR 
signal left HIGH will be continually responded to within 
the !imitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop 
which returns the status ol the original interrupt enable 
bit when it restores the FLAGS. 


HALT 


When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" state 
in one of two ways depending upon which mode is 
strapped. In minimum mode, the processor issues one 
ALE with no qualifying bus control signals. In Maximum 
Mode, the processor issues appropriate HALT status on 
5,55, and the 8288 bus controller issues one ALE. The 
8086 will not leave the "HALT" state when a local bus 
“hold is enterea while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 8086 out of the "HALT" 
state. 


READ/MODIFYIWRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 


The LOCK status information is provided by the proc- 
essor when directly consecutive bus cycles are required 
during the execution of an instruction. This provides the 
processor wilh the capability of pertorming read/modify/ 
write operations on memory (via Ihe Exchange Register 
With Memory insiruclion, for example) without the 
possibility of another system bus master receiving 
intervening memory cycles. This is useful in multi- 
processor system configurations to accomplish "test 
and set lock” operations. The LOCK signal is activaled 
(forced LOW) in the clock cycle following the one in 
which the software "LOCK"” prefix instruclion is 
decoded by the EU. It is deactivated at the end of the 
last bus cycle of the instruction following the "LOCK" 
prefix instruction. While LOCK is active all interrupts 
are masked and a request on a RQ/GT pin will be 
recorded and then honored at Ihe end of the LOCK. 


EXTERNAL SYNCHRONIZATION VIA TEST 


As an alternative to the interrupts and general 1/O 
capabilities, the 8086 provides a single software- 
testable input known as the TEST signal. Al any time the 
program may execute a WAIT instruction. If at that time 
the TEST signal is inactive (HIGH), program execution 
becomes suspended while Ihe processor wails for TEST 


to become active. It must remain active for at least 5 
CLK cyclies. The WAIT instruction is re-executed 
repeatediy until that time. This activity does not con- 
sume bus cycles. The processor remains in an idie state 
while waiting. All 8086 drivers go to 3-state OFF if bus 
“Hold'is entered. If interrupts are enabled, they may 
occur while the processor is waiting. When this occurs 
the processor fetches the WAIT instruction one extra 
time, processes Ihe interrupt, and then re-fetches and 
re-execules the WAIT instruction upon returning from 
the interrupi. 


8086 COMPARED WITH 8080/8085 


While the 8086 has new instruction coding patterns to 
allow for the greatiy expanded capabilities, all functions 
of the 8080/8085 may be performed by the BOB6 with 
identical program semantics to their 8080/8085 ver- 
sions. For every 8080/8085 instruction there is a corre- 
sponding 8086 instruction (or, in rare cases, a short 
sequence of instructions). Virtually all 8086 data manip- 
ulation instructions may be specified to operate on 
either the full set of 16-bit registers or on an B-bit subset 
ofthem which corresponds to the BOBO register set. This 
relationship is shown in Figure 7 where the shaded 
registers (names in parentheses) represent the BOBO 
register set. 


BASIC SYSTEM TIMING 


Typical system configurations for Ihe processor 
operating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In minimum 
mode, the MN/MX pin is strapped to Vcec and the proc- 
essor emits bus control signals in a manner similar to 
the 8085. In maximum mode, the MN/MX pin is strapped 
to Vss and the processor emits coded status informa- 
tion which the 8288 bus controller uses to generate 
MULTIBUS compatible bus control signals. Figure 5 Il- 
lustrates the signal timing relationshlps. 


ACCUMULATOR 
BASE 

COUNT 

DATA 


STACK POINTER 
BASE POINTER 
SOURCE INDEX 
DESTINATION INDEX 


PC)  INSTRUCTION POINTER 


{ 
(PSW) STATUSFLAGS 


CODE SEGMENT 
DATA SEGMENT 
STACK SEGMENT 
EXTRA SEGMENT 


Figure 7. 8086 Register Model; (8080 Registers Shaded) 
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SYSTEM TIMING — MINIMUM SYSTEM 


The read cycle begins in T, with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the address 
information, which is valid on the local bus at this time, 
into the 8282/8283 latch. The BHE and A, signals 
address the low, high, or both bytes. From T, to T4 the 
MIO signal indicates a memory or I/O operation. At Tz 
the address is removed from the local bus and the bus 
goes to a high impedance state. The read control signal 
is also asserted at Tz. The read (AD) signal causes the 
addressed device to enable its data bus drivers to the 
local bus. Some time later valid data wili be available on 
(he bus and the addressed device will drive the READY 
line HIGH. When the processor returns the read signal 
to a HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver (8286/8287) is required to 
buffer the 8086 local bus, signals DT/R and DEN are pro- 
vided by the 8086. 


A write cycle also begins with Ihe assertion of ALE and 
the emission of the address. The M/IO signal is again 
asserted to indicate a memory or I/O write operation. In 
the Tz immediately following the address emission Ihe 
processor emits the data to be written into the 
addressed location. This data remains valid until the 
middle of T,. During Ta, Ta, and Ty the processor asserts 
the write control signal. The write (wR) signal becomes 
active at the beginning of T» as opposed to the read 
which is delayed somewhat into T3 to provide time for 
the bus to float. 


The BHE and A, signals are used to select the proper 
byte(s) of the memory/lO word to be read or written 
according to Ihe following table: 


se |. | omanncrensres 


Whole word 
Upper byte from/ 


to odd address 


Lower byte from/ 
to even address 


None 
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VO ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the 
D7-Do bus lines and odd addressed bytes on D,5-Dp. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt 
acknowledge signal (INTA) is asserted in place of the 
read (RD) signal and the address bus is floated. (See 
Figure 6.) In Ihe second of two successive INTA cycles, 
a byte of information is read from bus lines D,-D, as 
supplied by the interrupt system logic (i.e., 8259A Prior- 
ity Interrupt Controller). This byte identifies the source 
(type) of the interrupt. It is multiplied by four and used 
as a pointer into an interrupt vector lookup table, as 
described earlier. 


BUS TIMING — MEDIUM COMPLEXITY SYSTEMS 


For medium complexity systems the MN/MX pin is con- 
necled to Vss and the 8288 Bus Controller is added to 
the system as well as an 8282/8283 latch for laiching the 
system address, and a 8286/8287 Iransceiver to allow for 
bus loading greater than the 8086 is capable of handling. 
Signals ALE, DEN, and DT/R are generated by ihe 8288 
inslead of the processor in this configuration allhough 
their timing remains relalively the same. The 8086 status 
outputs (5, S,, and 50) provide Iype-of-cycle information 
and become 8288 inputs. This bus cycle information 
specifies read (code, data, or I/O), write (data or VO), 
interrupt acknowledge, or software halt. The 8288 thus 
issues control signals specifying memory read or wrile, 
WO read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and 
advanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. The 
advanced write strobes have the same timing as read 
sirobes, and hence data isn't valid at the leading edge of 
write. The 8286/8287 transceiver receives the usual T 
and OE Inputs from the 8288's DT/R and DEN. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or Ihe system 
bus. If the master 8259A Priority Interrupt Controller is 
positioned on Ihe local bus,aTTL gate is required to 
disable the 8286/8287 transceiver when reading !rom the 
masler 8259A during the interrupl acknowledge 
sequence and software “poll”. 
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8086 FUNCTIONAL PIN DEFINITION 


The following pin function descriptions are tor 8086 
systems in either mınımum or masımum mode. The 
"Local Bus in these descnptions ıs the dırect multl- 
plexed bus ınterface connection to the 8086 (without 
regard to additional bus buffers) 


AD,1s-AD; (INPUT/OUTPUT 3-STATE) 


Tnese lines constitute the time multiplexed memory/!O 
address (T,) and data (Tz, Tz, Tw, Ta) bus. Ay is analogous 
to BHE for the lower byte of the data bus, pins D7-Dy. It 
is LOW during T, when a byte is to be transferred on the 
lower portion of the bus in memory or l/O operations. 
Eight-bit oriented devices tied to the lower half would 
normally use Ay to condition chip select functions. (See 
table on page 8.) These lines are active HIGH and float to 
3-state OFF during interrupt acknowledge and local bus 
"hold acknowledge''. 


Asg/Sa, Ars/Ss, A1rlSa, Aıa/S3 (OUTPUT 3-STATE) 


During T, these are the four most significant address 
lines for memory operations. During l/O operations 
these lines are LOW. During memory and \/O operations, 
status information is available on these lines during T>, 
T3, Tw, and T4. The status of the interrupt enable FLAG 
bit (Ss) is updated at the beginning of each CLK cycle. 
AızlSı and A,g/S, are encoded as follows: 


CHARACTERISTICS 


0 (LOW) Alternate Data 
0 Stack 
1(HIGH) Code or None 
1 Data 

Se is 0 (LOW) 


This information indicates which relocation register is 
presently being used for data accessing. 


These lines float to 3-state OFF during local bus ‘'hold 
acknowledge". 


BHEIS, (OUTPUT 3-STATE) 


During T, the bus high enable signal (BHE) should be 
used to enable data onto the most significant half ofthe 
data bus, pins D,s-Dg. Eight-bit oriented devices tied to 
the upper half of the bus would normally use BRE io 
condition chip select functions. BHE is LOW during Tj 
for read, write, and interrupt acknowledge cycles when a 
byte is to be transferred on the high portion of the bus. 
(See table on page 8.) The S, status information is avail- 
able during T,, T3, and T,. The signal is active LOW, and 
floats to 3-state OFF in "hold". Il is LOW during T, for 
the first interrupt acknowledge cycle. 


RD (OUTPUT 3-STATE) 


Read strobe indicates Ihat the processor is performing a 
memory or IIO read cycle, depending on the state ol the 
S» pin. This signal is used to read devices which reside 
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on the 8086 local bus. AD is active LOW during T;, Ta 
and Ty of any read cycle, and is guaranteed to remain 
HIGH in T; until the 8086 local bus has floated. 


This signal floats to 3-state OFF in "hold acknowledge". 
READY (INPUT) 


READY is the acknowledgement from the addressed 
memory or //O device that it will complete the data trans- 
ter. The RDY signal from memory/IO is synchronized by 
the 8284 Clock Generator to form READY. This signal is 
active HIGH. The 8086 READY input is not synchronized. 
Correct operation is not guaranteed if the setup and hold 
times are not met. 


INTR (INPUT) 


Interrupt request is a level triggered input which is sam- 
pled during the last clock cycle of each instruction to 
determine if the processor should enter into an interrupl 
acknowledge operation. A subroutine is vectored to via 
an interrupt vector lookup table located in system 
memory. It can be internally masked by software reset- 
ting the inlerrupt enable bit. INTR is internally syn- 
chronized. This signal is active HIGH. 


TEST (INPUT) 


The TEST input is examined by the ‘“Wait” instruction. If 
the TEST input is LOW execution continues, otherwise 
the processor waits in an “Idle” state. This input is syn- 
chronized internally during each clock cycle on the 
leading edge of CLK. 


NMI (INPUT) 

Non-maskable interrupt is an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via 
an interrupt vector lookup lable located in system 
memory. NMI is not maskable internally by software. A 
transition from a LOW to HIGH initiates the interrupt al 
the end of the current instruction. This input is intern- 
ally synchronized. 


RESET (INPUT) 


RESET causes the,processor to immediately terminate 
its present activity. The signal must be aclive HIGH for 
at least four clock cycles. It restarts execution, as 
described in the Instruction Set descriplion, when 
RESET returns LOW. RESET is internally synchronized. 


CLK (INPUT) 


The clock provides the basic timing for Ihe processor 
and bus controller. Ii is asymmetric with a 33% duty 
cycle to provide optimized internal timing. 


Vcc 

Vce Is the +5V + 10% (+5% on 8086-2, 8086-4) power 
supply pin. 

GND 

GND are the ground pins 
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The following pin function deseriptions are for_the 
8086/8288 system In maximum mode (l.e., MN/MX = 
Vss). Only the pin functions which are unique to max- 
Imum mode are described; all other pin functions are as 
described above. 


$2, Sı, So (OUTPUT 3-STATE) 
These status lines are encoded as follows: 


Interrupt Acknowledge 
Read I/O Port 

0 Write VO Port 

0 Hall 

1 (HIGH) Code Access 

Read Memory 

Write Memory 
Passive 


0 (LOW) 
0 


Status is active during T,, T,, and T, and is returned to 
the passive state (1,1,1) during T3 or during Ty when 
READY is HIGH. This status is used by the 8288 Bus 
Controller to generate all memory and l/O access con- 
trol signals. Any change by 5, 5,,or 5 during T, is used 
to indicate the beginning of a bus cycle, and the return 
to the passive state in T3 Or Ty is used to indicate the 
end of a bus cycle. 


These signals float to 3-state OFF in "hold acknowl- 
edge”. 


RQ/GT., RO/GT; (INPUT/OUTPUT) 


The request/grani pins are used by other local bus 
masters lo force the processor lo release the local bus 
at the end of the processor’s current bus cycle. Each pin 
is bidirectional with RO/GT, having higher priority than 
AQ/GT,. RO/GT has an inlernal pull-up resisior so may 
be left unconnected. The request/grant sequence is as 

follows (see Figure 14): 
t. A pulse of 1 CLK wide from another local bus 
master indicates a local bus request (hold) to 

the 8086 (pulse 1). 


496 


8086/8086-2/8086-4 


2. During the CPU’s next T, or Tı a pulse 1 CLK wide 
from the 80B6 to the requesting master (pulse 2), 
indicates that the 8086 has allowed the local bus 
to float and that it will enter the “hold 
acknowledge" state at the next CLK . The CPU’s 
bus interface unit is disconnected logically from 
the local bus during "hold acknowledge'', 


3. A pulse 1 CLK wide from the requesting master 
indicates to the 8086 (pulse 3) that the '"hold’' 
request is about to end and ihat the 8086 can 
reclaim the local bus at the nexl CLK. 


Each master-master exchange of the local bus is a 
sequence of 3 pulses. There must be one dead CLK 
cycle after each bus exchange. Pulses are active LOW. 


LOCK (OUTPUT 3-STATE) 


The LOCK output indicates that other system bus 
masters are not to gain control of Ihe system bus while 
LOCK is aclive LOW. The LOCK signal is activated by 
the “LOCK" prefix instruction and remains active until 
Ihe completion of the next instruction. This signal is 
active LOW, and floats to 3-state OFF in “"hold acknowl- 
edge”. 


QS,, QS, (OUTPUT) 


OS, and QS, provide status lo allow external tracking of 
Ihe internal 8086 instruction queue. 


os: los CHARACTERISTICS 


0 (LOW) No Operation 
0 First Byte of Op Code from Queue 
Empty the Queue 

Subsequent Byte from Queue 


1 (HIGH) 
1 


The queue status is valid during the CLK cycle after 
which the queue operation is performed. 


a 
The following pIn funcilon descriptions are for the 8086 
minimum mode (l.e., MN/IMX=V.c.c). Only the pin func- 


tions which are unlque to minimum mode are described; 
all other pin functions are as described above. 


M/lO (OUTPUT 3-STATE) 


This status line is logically equivalent to $, in the max- 
imum mode. It is used to distinguish a memory access 
from an I/O access. MIO becomes valid in the Ts 
preceding a bus cycle and remains valid until the final Ta 
of the cycle (M = HIGH, IO= LOW). M/IO floats to 3-state 
OFF in local bus ‘hold acknowledge''. 


WR (OUTPUT 3-STATE) 


Write strobe indicates that the processor is performing 
a write memory or write I/O cycle, depending on the 
state of the M/IÖ signal. WR is active for Ta, T3and Ty, of 
any write cycle. It is active LOW, and floats to 3-state 
OFF in local bus “hold acknowledge". 


INTA (OUTPUT) 


INTA is used as a read strobe for interrupt acknowledge 
cycles. It is active LOW during T;, T3 and Ty, of each 
interrupt acknowledge cycle. 


ALE (OUTPUT) 


Address latch enable is provided by the processor to 
latch the address into Ihe 8282/8283 address latch. It is 
a HIGH pulse active during T, of any bus cycle. Note 
that ALE is never floated. 


8086/8086-2/8086-4 


DT/AR (OUTPUT 3-STATE) 


Data Iransmit/receive is needed in minimum system that 
desires to use an B286/8287 data bus transceiver. It is 
used to control the direction of data flow through Ihe 
transceiver. Logically DT/R is equivalent to S, in the 
maximum mode, and its timing is the same as for 
M/IO.(T= HIGH, R=LOW.) This signal floats to 3-state 
OFF in local bus “hold acknowledge". 


DEN (OUTPUT 3-STATE) 


Dala enable is provided as an output enable for the 
8286/8287 in_a minimum system which uses the 
transceiver. DEN is active LOW during each memory and 
VO access and for INTA cycles. For a read or INTA cycle 
it is active from the middle of T, until the middle of T,, 
while for a write cycle it is active from the beginning of 
Ta until the middie of T4. DEN floats to 3-state OFF in 
local bus ''hold acknowledge'". 


HOLD (INPUT), HLDA (OUTPUT) 


HOLD indicates Ihat another master is requesting a 
local bus "hold". To be acknowledged, HOLD must be 
active HIGH. The processor receiving the "hold" 
request will issue HLDA (HIGH) as an acknowledgement 
in the middle of T, or T,. Simultaneous wilh the 
issuance of HLDA the processor will float the local bus 
and control lines. Afler HOLD is detected as being LOW, 
the processor will LOWer HLDA, and when the proces- 
sor needs to run another cycle, it will again drive the 
local bus and control lines. (See Figure 15.) 


HOLD Is not an asynchronous input. External syn- 
chronization should be provided If the system cannot 
otherwise guarantee the setup time. 
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8086/8086-2/8086-4 


ABSOLUTE MAXIMUM RATINGS" 


Amblent Temperature Under Bias 
Storage Temperature 
Voltage on Any Pin with 

Respect to Ground 
Power Dissipation 


2.5 Watt 


D.C. CHARACTERISTICS 


8086: T4=0°C to 70°C, Vec=5V + 10% 
8086-2/8086-4: T4=0°C to 70°C, Vec=5V +5% 


Parameler 


“NOTICE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damageto the device. Thisisa stress rating onlyand 
tunctional operation of the device at these or any other conditions above 
Ihose indicated in the operational sections of this specification is not 
implied. Exposure lo absolute maximum rating conditions for extended 
periods may aftect device reliabilily. 


Test Condliions 


Input Low Voltage 


Input High Voltage 


Qutput Low Voltage 
Output High Voltage 


Power Supply Current 
8086/8086-4 
8086-2 


Capacitance of Input Buffer 
(All input except _ 
ADg- ADıs, RO/GT) 


Capacilance oO Buffer 
(AD, - AD,s, RQIGT) 


T4=25°C 


DV <VYn< Vec 


0.45V <& Voyr & Vec 


fc= 1 MHz 


tc= 1 MHz 
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A.C. CHARACTERISTICS 


8086: TA=0°C to 70°C, Vec=5V + 10% 
8086-2/8086-4: Ta=0°C to 70°C, Vec=5V +5% 


8086 MINIMUM COMPLEXITY SYSTEM (Figures 8, 9, 12, 15) 
TIMING REQUIREMENTS 


[sms [porn ]  eosmmonsa [ ensezcprimman) Tune] 
TELCL CLK Cycle Period — 8086 200 125 
— 8086-4 250 


TCLCH CLK Low Time (24 TCLCU- 15 wrce-5| Ins | 


TCHCL CLK High Time (% TCLCU) +2 (% TCLCL)+2 ns 
nn 
TCHICH2 CLK Rise Time From 1.0V t0 3.5V 


CLK Fall Time From 3.5V 10 1.0V 
Data In Setup Time 
Data In Hold Time 

TAIVCL ADY Setup Time into 8284 (See Notes 1, 2) 
ADY Hold Time into 8264 (See Notes 1, 2) 


TCHAYX READY Hord Time into BOB6 
TAYLCL AEADY Inactive to CLK (See Note 3) 


HOLD Selup Time 
TINVCH INTA, NMI, TEST Setup Time (See Note 2) 


TIMING RESPONSES 


8088/8088-4 
Min. m 


ax. 
Address Valid Delay 110 
60 


Sie Prima T une | 


10 
10 
TCLAX 


TCLCH-10 


TCHCL-10 
10 


Test Conditions 


Address Hold Time 


Address Float Delay 
TLHLL ALE Widın TCLCH-20 
TCLLH ALE Active Delay 


TCHLL ALE Inactive Delay EEE) 
TLIAX Address Hold Time to ALE Inactive TCHCL-10 


Data Valid Delay 10 


CL = 20-100 pF tor 


all 8086 Outputs 
TCHDX Data Hold Time 10 (In addition to 
 Twnox | Data Hold Time After WR TCLCH-30 086 self-Ioad) 


Control Active Delay 2 

eier mean —| 
Address Float to READ Active 0 | 
BE a a. ar zu 
 ToiRn | Admacnmenaey | | 
HLDA Valld Delay 0 | 


NOTES: 1. Signal at 8284 shown lor reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only io T2 state. (6 ns Into T3) 


TCLCL -40 


10 
2TCLCL-50 


2TCLCL-40 
TCLCH-40 


= 
ei | 
% 
= 
= | 
TCLCH-30 
10 ” 
10 
[| Im | 
Ei m | 
18 | | 
10 | | 
E | 
ee 
Ro] 
m m 
| 


Address Valid to ALE Low 
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T3 
TCL2CLI 


CLK (8284 Output) 


Pr TCLCH 


TCHDX — 


BHEIST, AuySa-AySa 


= TRIVCL 


ADY (8284 Inpul) 
SEE NOTE 4 


READY (8088 Input) *— TCHRYX 


READ CYCLE 
(NOTE 1) 
(WR, INTA » Von) 


Figure 8. 8086 Bus Timing — Minimum Mode System 
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l 8086/8086-2/8086-4 


BABES TELEL BBELTENIN, TCL2CLI 


CLK (8284 Output) 1 / \ 
ce 


na TCLCH — 


BREIS,, AuySe-AygSs 


TCHOX 


= 
TeveTv Haba Kae TCveTk 
WRITE CYCLE ra 7 

U) 


ae; 


TCVCTX— 
TOVCL—— 


ADıs-ADo POINTER 
INTA CYCLE Ä FR 


En 


Ehen u Ya 


TCVCTV— 


SOFTWARE HALT - INVALID ADDRESS SOFTWARE HALT 


ÖEN.AD,.WA.NTA : von 


. ALL SIGNALS SWITCH BETWEEN Von AND Vor UNLESS OTHERWISE 
SPECIFIED. 

. ADY IS SAMPLED NEAR THE END OF T2, Ty. Tw TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

. TWO INTA CYCLES AUN BACK-TO-BACK. THE 8086 LOCAL ADDW/DATA BUS IS 
FLOATING DURING BOTH INTA CYCLES. CONTROL SIGNALS SHOWN FOR 
SECOND INTA CYCLE 

. SIQNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 

. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 


Figure 9. 8086 Bus Timing — Minimum Mode System (cont’d) 
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8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) (Figures 10-14) 
TIMING REQUIREMENTS 


CLK Cycle Period — 8086 200 125 500 ns 


500 

— 8086-4 250 500 

CLK Low Time (4 TCLCU- 15 (aA TCLCL)- 15 ns 
CLK High Time (v TOCLCU+2 (% TCLCL) +2 ns 
CLK Rise Time 10 10 ns From 1.0V t0 3.5V 


TCHCL 
TCHICH2 
TCL2CL! 
TDVCL 


Parameter 68088/8086-4 8086-2 (Preliminary) Unite Test Conditions 


CLK Fall Time 10 10 ns From 3.5V to 1.0V 


Data In Setup Time GE u > 
Data In Hold Time 10 10 ns 
RDY Setup Time into 8284 (See Notes 1, 2) 35 35 ns 


TRIVOL 


TCLRIX RDY Hold Time into 8284 (See Notes 1, 2) 0 {e} ns 
TRYHCH READY Setup Time into 8086 (24 TCLCL) - 15 (24 TCLCL) - 15 ns 
TCHRAYX READY Hold Time into 8086 30 20 ns 
TAYLCL READY Inactive to CLK (See Note 4) -8 -8 j ng 
TINVCH Setup Time for Recognition % 15 ns 


(INTA, NMI, TEST) (See Note 2) 
TGVCH RQIGT Selup Time 30 
AQ Hold Time into 8086 40 


TIMING RESPONSES 


Parameter 


TCLML Command Active Delay (See Note 1) 
TCLMH Command Inactive Delay (See Note 1) 
TRYHSH READY Active to Status Passıve (See Note 3) 
TCHSV Status Active Delay 

TCLSH Status Inactive Delay 


TCLAV Address Valld Delay 


TCLAX Address Hold Time 
TCLAZ Address Fioat Delay 
TSVLH Status Valid to ALE High (See Note 1) 


TSVMCH Status Valid to MCE High (See Note 1) 


CLK Low to ALE Valid (See Note 1) 
CLK Low to MCE High (See Note 1) 
ALE Inactive Delay (See Note 1) 
MCE Inactive Delay (See Note 1) 
Data Valid Delay 

Data Hold Time 

Control Active Delay (See Note 1) 
Control Inactive Delay (See Note 1) 
Address Fioat to Read Active 

RD Active Delay 

RD Inactive Delay 


RD Inactive to Next Address Aclive 


Direction Control Active Delay (See Note 1) 


TCLMCH 


CL = 20-100 pF for 
all 8088 Outputs 

(In addition to 
8086 self-Ioad) 


TCLMCL 
TCLDV 
TCHDX 
TCVNV 


TCLAH 
TRHAV 
TCHDTL 


0 
TCLCL-40 


TCHDTH 
TCLGL 
TCLGH 


Direction Controt Inactive Delay (See Note 1) 
GT Active Delay 

GT Inactive Delay 

RD width 


NOTES: 1. Signal at 8284 or 8288 shown for reference only. 
2. Setup requirement for asynchronous signal Only to guarantee recognition at next CLK. 
3. Applies onty to T3 and walt states. 
4. Applies only to T2 state (8 na into TA. 
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551.5 (EXCEPT HALT) 


ONE. Aufde-Aı8s 


ni 7 Set 
wenn XIII 


Er 
TRYLCL Dr 


READY (8088 INPUT) | 
TAYHSH——| |. 


TCLAX) 


TRYHCH — 


READ CYCLE Teuav| —Ircuaz 1- | Tem 


TcHoTL —| TCHOTH 


TCLML- 


Figure 10. 8086 Bus Timing — Maximum Mode System (Using 8288) 
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VcH 
2: 2 
1 TCLEH 


5.51.55 (EXCEPT HALT) 
WRITE CYCLE 


08288 OUTPUTS 


SEE NOTES 5,6 AMWC OR AIOWC 


INTA CYCLE 


ADss-ADo 
(SEE NOTES 3 & 4) 


ADıs-ADo 


TSYMCH- 


TELMCH — 


MaB OUTPUTS 


SEE NOTES Ss. | INTA 


SOFTWARE HALT — 
(DEN = Vo RB, MRDE TORT,UWTT AUWE IOWE AFOWC,INTA, = Vom 


ADıs-ADy 


8086/8086-2/8086-4 


In % T» 


Te 


Ku 


| El 
a a HERE BER 9/7 Aa 


TEHOX—| 


TCVNA— 


TCLML TCLMH 


Kuscıog um 


RESERVED FOR 
CASCADE ADDR 


TCLAZ 


TCHDTH 


=TCLMH 


INVALID ADDRESS 


. ALL SIONALB SWITCH BETWEEN Vou AND VoL UNLESS DTHERWISE 


SPECIFIED, 


. ADY IS SAMPLED NEAR THE END OF T2. 13. Tw TO DETEAMINE IF Tw 


MACHINES STATES ARE TO BE INSERTED. 


. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA CYCLE. 
. TWO INTACYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDFYDATA BUS IS 


FLOATING DURING BOTH INTA CYCLES. CONTROL FOR POINTER ADDRESS 
IS SHOWN FOR SECOND INTA CYCLE. 

SIONALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. 

THE ISSUANCE OF THE 8288 COMMAND AND CONTAOL SIGNALS (HABT, 
RWTT, AMWT, IORT, TOWE, AIOWE, INTA AND DEN) LAGS THE ACTIVE HIGH 
azua CEN. 


. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 


NOTEO. 


. GTATUS INACTIVE IN STATE JUST PRIOR TO Ta. 


Figure 11. 8086 Bus Timing — Maximum Mode System (Using 8288) (cont.) 
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f TINVCH (esse nole 1) 


eıLK 
| ugna) 


NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 


Figure 12. Asynchronous Signal Recognition 


Figure 13. Bus Lock Signal Timing (Maximum Mode Only) 


m Any CL Cycie - > 0-CLK Cycie —| 


Prewrout grant 
ADıs-Alg dm nn m nn 
r vr os 


mm nn 
tBEE NOTE 1) 


NOTES 1. THE COPROGESIOR MAY NOT DRIVE THE BUSES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION. 


Figure 14. Request/Grant Sequence Timing (Maximum Mode Only) 


EICLRCYCLE— m— H ORZEYCLES 


ns 


_| I+— THVcH 


Figure 15. Hold/Hold Acknowledge Timing (Minimum Mode Only) 
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BATA TRANSFER 

ON: ae 

Pgısler memory lo/trom register 
kmmadınie 10 1agı 
mmaonsie 10 regısier 
Memory 10 Accumulalor 
Accumulatoe 10 memory 


r0543210 OKC Berne. 
Register imemony 
Aapesier 


8 Oname son 


CUP Compare: 
Regısiermamary and regisier 
Immegnale with register memory 
Immedsate wilh accumulaor 
AAB ASLI Borusı for sudtract 
BAS Decimas a0pusl tor Gabiracı 
MN Muttipdy tunagned) 

MAUL Integer muliply tsagmeoı 
AA ASCH adjust for mullipiy 
UV Divrda tunsgneg! 

MY Integar divade gnedı 

AAB ASCII adıust for divıde 
LAW Convert nyte to word 

EWR Convert word 10 daubie word 


Ta343210 785492108 
ÜREEKERTATTITTETE 


rasa2ızıa Tasaarı0 700432190 


Imamary 


PUBN - Pas: 
Pagenier memory 
Bo IKERTIEFR 

Sana zo ÜKERKERFIC "ICE 


Lo oo ılıo | 


ar: Po: 
Pogıntarimamaıy 


Ragıstar 
Segmem register 


CHEN 


11010101 
10011000 
10011001 


000010910 


ACHG - Enchunge: 
Pargıaterimemory with tagınter 
Aagısieı wıth accumulalot 


(165001 12 Jass m rm] 
(riss en] 
KEITEEIE3 


IBeInput from: 
Fıned port 
Varunbie port 
LOEIE 

wor ine 

IM /SAL Spott iogıc at: arıtnmelic delt 
BER Stutn togıcan ıgPı 

Bat Srult arıımmenc gr 

AOL Roizte ıeı 

WR Aoiate 1phi 

EL Roiste !hrough carry flag ieh 


OUT = Output to: 


CKEEKIZEICTITERIGE 
[110100ve]|moaı 1 t sm ] 11 oem 
KELKELFZILTIENEEN 

CHEIITERICTTIKETDE 


Fixed porn 
Veradie port 
LAT-Transiate byte 10 AL 
EA «Losd EA 10 sogızler 
WBI-Lond pasnies 10 DS 
EB-L034 pointer 10 ES. 


CKITEEERE 
E 

Mono 101 [mes mem] 

(1000101 [mes 1 m] 
11000100 [ms m m] 


AM «Load AH wit Maga 
BAR -Siore AH ınto Igs 
PORBE «Pan naga 
PRPF-Pop Nags 


ARTTNEBETIC 

AU > Ab: 

Pag Fmamnory with vograler Io eıther 
Wrunpduas 10 regseter memory 
Immpgale to Bccumulalor 


AUG = Aal wi carry: 

(ag. imamory wıth tegraier to enter 
Umanagıata to cagıblat memory 
bemackale Io Accumulator 


NIC « eruumt: 
Aagrar imamgı y 


Mnemonics Oınter, 1978 


10011100 
Lioosntor] 


0000000 =[me 9 m | 


100000s mlmeaono m [om T omaus= or] 


8000010w 


Terz 


1000005 w|ma0 10 sum a  T ommnsm or] 


nano om 1 


01000 « 
00100111 


90910100 w 


1000001 mlendrnı m | __ cs _T amase-tı] 
0101102] m Tmıer] 


9001100 w mo vg rm] 


100080 1= mean um | _ au _] mann] 
(00011100) cm | ceanwı | 
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[ro 1oore mac m] 
Groraere [moon em] 


MER Roiate IMough carry raphl 


AND And: 

Rang smemory and segıkler 16 either 
Immedıale 10 Hegıster imemary 
Immediate 10 Kccumulaloı 


[oo10000=] 
To00000=[maro0 um | __ am _[ aman ] 
Darooıoe| om | amunı] 


TEBT And Aunctlom in Ting, na runuit: 

Register memory and regı [ro000 10. [mes 1 1m ] 

ummeo and segintermamany (11 101 5 w |mos0 00 ıım | cu Tamm ] 
Immeoiie gata and accumuiatee [1010100= | das | astarmı ] 


on Or: 

Reg Fmamory and segsien 10 eıttir 
Immadıate 10 regıäter imamaıy 
Immadalı Accumylalor 


[0000 100 =] [mo 1 1m] 
000000. [mono um | au] muneı] 
0000110w| ma ] aaumı | 


LOR Euchaive er: 

arg /memory and register to miher 
Immedate 10 cegıster imamoıy 
Immedinle to Sccumuialor 


[ooı Ho0oo=w] 10040 [mos_ 1m m] 
[Hoosooo=Imerıo m] a omeeT] 
[nos 1010=| au T amunı] 


STR MANIPULATION 
AEP+Repanı 

MOTS«Mowe byis/word 
CAMPER Comparı byre/word 
UCAB-Ecm byteiword 

1008-1 owd byta/wd to AL/AX 
STOB+Sıas byieimd Irom AL/A 


[1010010=] 
KKEITEREN 
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CONTROL TAANSFER 
CALL « Call: T0843210 705432108 76543210 10543210 786493210 
Orrect wıthm segment 11101000 dısp-tow Osp-nign JER/JAE Jump on nol beiow/above 


u 01 equa 
KEKEREERECTISCHE aan Bund on no! bo ar 
Iindırect within segment moo0 10 rim aan 


Dsrect ınlersegment MP/JPO Jump on not par /par odd 


MO Jump on not ovarllow 
Indırect ınlersegmen! JUNE Jump on not sıyn 

LOOP Loop CR lımes 
JMP : Uncandilienal Jump: 

LOOPZ/LOOPE Loop while zero/equal 
Dieact within segmen! LOOPRZ/LOOPBE Loop while not 

tero/equal 
1 E 
Direct within segmeni-shorl HT Jump on CK zero 
Imdırect wılhun segment 
Direct ıntergegment INT  Intarrupi 
0 Type specıtied 

Indırect niersegmmi Type 3 


HITB Interrupl on overfiow 
MET : Ratern Iram CALL: 


Wılhın segment 

Wıtbın seg addıng ımmed 10 SP 
Inersegment 

Intergegmeni. addıng ımmediale 10 SP 


/d2- Jump on equalszero 
AL/NGE Jump on lesy/nol greater 
CC Complement carıy 


JUE/MB- Jum on Is: in! 
n not 
lump on less or equal STE Sercarıy 


greater 
anran um on below nal above [X 1 10010 |__» |] CLO Clear duechon 


we mans 
ueuung en on below or equal/ 810 Ser dıreclion 


not a 
ELI Clear ınterrupt 


IRET Interrupt return 


PROCESSOR CONTROL 
ELE Ciear carıy 


JP/IPE- Jump on parıly/pasity even 


30: Jump on overliow O1ıı0000] um |] TI Sei ntereup! 
38+Jump on sıga 01111000 en — MLT Halt 


ak / HE] "Jump on nol equalinat zero sp WAT Wa 


JRL/SGE- Jump on nol Hess /grealer 
areaual s KAErEErE mE EBC. Escape to external devices 


[.} 
RE HnDıen nal less Or equals sp LOCK Bus lock prelı« 


Fostanias: 

AL = &bit accumulator it s:w = 01 then 16 bits of immediale data form the operand, 
AX = 16-bil accumulator it s:w = 11 then an immediate dala byle is sign extended to 
CX = Count register form the 16-bit operand. 


DS = Data segment 


ES = Extra segment tv=0 then “count” = 1; il v=1 Ihen "'count" in {CL) 


Above/below refers to unsigned value. x=den't care 

Greater = more posilive: 2 ıs used for string primitives for comparison wilh ZF FLAG 
Less = less positive (more negative) signed values SEGMENT OVERRIDE PREFIX 

id = I then "10" ‘td = O then "Irom” 1ng 

H w = I then word instruction; if w » O then byte instruchon 001reg 1190 


it mod = 11 Ihen r/m is treated as a REG field REG is assigned according to the following table: 

A mod = O0 then DISP = 0°, disp-Iow and disp-high are absent 

it mod = O1 then DISP = disp-Iow sign-extended to 16-bils. dısp-high is absent t8Bit Iw = 1) san m : Sognem 
il mod = 10 Ihen DISP = disp-high: disp-low 000 AX 000 AL 0 ES 
5 001 CK 0 CL 01 c5 
it rim = 000 then EA = (8X) + (Si) + DISP 010 DX 010 DL 0 ss 
rim = 001 then EA = (BX) + (DI) + DISP or BX 011 BL 1108 
it rım = 010 then EA = (BP) + (SI) + DISP 100 SP 100 AH 

it e/m = O11 then EA = (BP) + (DI) + DISP 01 BP 101 CH 

it rim = 100 then EA = (St) + OISP nos 0 DH 


it etm = 101 then EA » (DI) + DISP m m eh 


it rim = 110 then EA = (BP) + DISP* 
it rim = Yilthen EA = (BX) + DISP 


DISP follows 2nd byte of instruclion (Defore dala il required) instructions which reference the flag register lile as a 16-bit object use 
the symbol FLAGS to represent Ihe file: 


"“ancept it mod » OD and r/m = 110 then EA = disp-high: disp-Iow FLAGS = K:X:X:X.10F)DFIUFITFIESFILZFIK KAFI:XPFI:KCF) 


Mnemonica© Intel, 1978 
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PRELIMINARY 


8088 
8-BIT HMOS MICROPROCESSOR 


m 8-Bit Data Bus Interface 
a 16-Bit Internal Architecture 


a Direct Addressing Capability to 1 Mbyte 
of Memory 


a Direct Software Compatibility with 8086 


m 14-Word by 16-Bit Register Set with 
Symmetrical Operations 


a 24 Operand Addressing Modes 
s Byte, Word, and Block Operations 


m 8-Bit and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal, includ- 
ing Multiply and Divide 


a Compatible with 8155-2, 8755A-2 and 
8185-2 Multiplexed Peripherals 


The Intel®8088 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate lechnology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8 and 
16-bit microprocessors. It is directiy compatible with 8086 software and 8080/8085 hardware and peripherals. 


MEMORY INTERFACE 


INSTAUCTION 
STREAM BYTE 
QUEUE 


aus 
INTERFACE 
UNIT 
EXECUTION UNIT 
CONTROL 
SYSTEM 


ARITHMETICI/ 
LOGIC UNIT 


EXECUTION 
UNIT 


Figure 1. 8088 CPU Functional Biock Diagram 
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OnD 
A1a 
A13 
Dir} 
All 
Ai0 
aD 
Ab 
AD7 
ADe 
ADS 
AD4a 
AD3 
AD2 
AD! 
ADU 
NMi 
INTA 
CLK 
GND 


(HIGH) 


(AO,aTd) 
(ASGTI) 
(Lock) 
[c2] 

[5)} 

&) 

(050) 
(as1) 


Figure 2. 8088 Pin Diagram 


intel 
FUNCTIONAL DESCRIPTION 


Memory Organization 


The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memory is 
logically organized as a linear array of 1 million bytes, 
addressed as 00000(H) to FFFFF(H). The memory can be 
further logically divided into code, data, alternate data, 
and stack segments of up to 64K bytes each, with sach 
segment falling on 16-byte boundaries. (See Figure 3.) 


Word (16-bit) operands can be located on even or odd ad- 
dress boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 
the next higher address location. The BIU will auto- 
matically execute two fetch or write cycles for 16-bit 
operands. 


FFFFFH 


\ CODE SEGMENT 


XRXXXOH 


STACK SEGMENT 
+OFFSET | 


SEGMENT 
REGISTER FILE 


wono | | MSc _| | 
DATA SEGMENT 


EXTRA DATA SEGMENT 


Figure 3. Memory Organization 


Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system initial- 
ization routine. Following RESET, the CPU will always 
begin execution at location FFFFOH where the jump 
must be located. Locations 000004 through O0I3FFH are 
reserved for interrupt operations. Four-byte pointers 
consisting of a 16-bit segment address and a 16-bit off- 
set address direct program flow to one of the 256 possi- 
ble interrupt service routines. The pointer elements are 
assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of inter- 
rupts. 
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Minimum and Maximum Modes 


The requirements for supporting minimum and maxi- 
mum 8088 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequentiy, the 8088 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MX pin is strapped to GND, the 8088 defines Pins 24 
through 31 and 34 in maximum mode. When the MN/MX 
pin is strapped to Vcc, the 8088 generates bus control 
signals itself on pins 24 through 31 and 34. 


FFFFFH 
RESET 800TSTAAP 


PROGRAM JUMP FFFFOH 


INTERRUPT POINTER 
FOR TYPE 255 


INTERRUPT POINTER 
FOR TYPE I 


INTERRUPT POINTER 
FOR TYPEO 


Figure 4. Reserved Memory Locations 


The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed bus 
configuration is compatible with the MCS-85’M multi- 
plexed bus peripherals (8155, 8156, 8355, 8755A, and 
8185). This configuration (See Figure 5) provides the user 
with a minimum chip count system. This architecture 
provides the 8088 processing power in a highly integrated 
form. 


The demultiplexed mode requires one latch (for 64K ad- 
dressability) or two latches (for a full megabyte of ad- 
dressing). A third latch can be used for buffering if the 
address bus loading requires it. An 8286 or 8287 trans- 
ceiver can also be used if data bus buffering is required. 
(See Figure 6.) The 8088 provides DEN and DT/R to con- 
tro! the transceiver, and ALE to latch the addresses. 
This configuration of the minimum mode provides Ihe 
standard demultiplexed bus structure with heavy bus 
buffering and relaxed bus timing requirements. 


The maximum mode employs the 8288 bus controller. 
(See Figure 7.) The 8288 decodes status lines SO, S1, 
and $2, and provides the system with all bus control 
signals. Moving the bus control to the 8288 provides 
better source and sink current capability to the control 
lines, and frees the 8088 pins for extended large system 
features. Hardware lock, queue status, and two request/ 
grant interfaces are provided by the 8088 in maximum 
mode. These features allow co-processors in local bus 
and remote bus configuralions. 
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Figure 5. Multiplexed Bus Configuration 
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Figure 7. Fully Butfered System Using Bus Controller 
511 


intel 
Bus Operation 


The 8088 address/data bus is broken into three parts — 
the lower eight address/data bits (ADO-AD7), the middle 
eight address bits (A8-A 15), and the upper four address 
bits (A16-A19). The address/data bits and the highest 
four address bits are time multiplexed. This technique 
provides the most efficient use of pins on the proc- 
essor, permitting the use of a standard 40 lead package. 
The middle eight address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addi- 
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tion, Ihe bus can be demultiplexed at the processor with 
a single address latch if a standard, non-multiplexed 
bus is desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3, and T4. (See 
Figure 8). The address Is emitted from the processor 
during T1 and data transfer occurs on Ihe bus during T3 
and T4. T2 is used primarily for changing Ihe direction of 
the bus durIng read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 


ADDWSTATUS 


BUS RESERVEO 
u 5, 


MEMORY ACCESS TIME 


GOES INACTIVE IN THE STATE 
JUST PRIOR TO Ta 


Figure 8. Basic System Timing 
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"wait" states (Tw) are inserted between T3 and TA. Each 
ınserled "wait" state is of the same duration as a CLK 
cycle. Periods can occur between 8088 driven bus 
cycles. These are referred to as ''idle’ states (Ti), or inac- 
tive CLK cycles. The processor uses these cycles for in- 
ternal housekeeping. 


During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or the 
8288 bus conlroller, depending on the MN/MX strap). At 
the trailing edge of this pulse, a valid address and cer- 
tain status information for the cycle may be latched. 


Status bits 50, 51, and S2 are used by the bus controller, 
ın maximum mode, 10 identify the type of bus Iransac- 
tıon according to the following table: 


0 (Low) Interrupt Acknowledge 
Read I/O 
Write /O 

0 Halt 


Instruction letch 

Read data from memory 
Write data to memory 
Passive (no bus cycle) 


1 (High) 
1 


1 
1 


=--00--00 
-0o-0-0-o0 


Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4, S3 and S4 indicate which segment register 
was used for this bus cycle in forming the address ac- 
sording to ihe following table: 


CHARACTERISTICS 


0 (Low) 


Alternate data (Extra Segment) 
0 Stack 

1(High) Code or none 

1 Data 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
a:ways equal to 0. 


VO Addressing 


In the 8088, VO operations can address up to a maxi- 
num of 64K l/O registers. The I/O address appears in the 
same format as the memory address on bus lines 
A15-A0O. The address lines A19-A16 are zero in I/O 
operalions. The variable VO instructions, which use 
register DX as a pointer, have full address capability, 
«hile the direct I/O instructions directly address one or 
two of Ihe 256 I/O byte locations in page O of Ihe I/O ad- 
dress space. I/O ports are addressed in the same man- 
ner as memory locations. 


Designers familiar with the 8085 or upgrading an 8085 
design should note thal the 8085 addresses I/O with an 
B-bit address on both halves of the 16-bit address bus. 
Tne 8088 uses a full 16-bit address on its lower 16 ad- 
dress lines. 
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Processor Reset and Initialization 


Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8088 RESET is 
required to be HIGH for greater than four clock cycles. 
The 8088 will terminate operations on the high-going 
edge of RESET and will remain dormant as long as 
RESET is HIGH. The low-going transition of RESET trig- 
gers an internal reset sequence for approximately 7 
clock cycles. After this interval the 8088 operates nor- 
mally, beginning with the instruction in absolute loca- 
tion FFFFOH. (See Figure 4) The RESET input is Inter- 
nally synchronized to the processor clock. At initializa- 
tion, the HIGH to LOW transition of RESET must occur 
no sooner than 50 „s after power up, to allow complete 
initialization of the 8088. 


It INTR is asserted sooner than nine clock cycles after 
the end of RESET, the processor may execute one in- 
struction before responding to the interrupt. 


All 3-state oulputs float to 3-state OFF during RESET. 
Status is active in the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF. 


Interrupt Operations 


Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the Instruction set description found In Chapter 2 of the 
8086 Family User's Manual. Hardware interrupts can be 
classified as non-maskable or maskable. 


Interrupis result in a transfer of control to a new pro- 
gram location. A 256 element table containing address 
pointers to the interrupt service program locations 
resides in absolute locations O through 3FFH (see Fig- 
ure 4), which are reserved for this purpose. Each ele- 
ment in the table is 4 bytes in size and corresponds to 
an interrupt “type”. An interrupting device supplies an 
8-bit type number, during the interrupt acknowledge se- 
quence, which is used lo veclor through the appropriate 
element lo the new interrupt service program location. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable in- 
terrupt request (INTR) pin. A typical use would be to acti- 
vate a power failure routine. The NMI is edge-triggered 
on a LOW to HIGH transition. The activation of this pin 
causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any higher going transition 
of NMI is latched on-chip and will be serviced at ihe end 
of the current instruction or between whole moves (2 
bytes in Ihe case of word moves) of a block type instruc- 
tion. Worst case response to NMI would be for multiply, 
divide, and variable shifl instructions. There is no 
specification on the occurrence of the low-going edge; it 
may occur before, during, or after the servicing of NMI. 
Another high-going edge triggers another response if it 


occurs after the start of the NMI procedure. The signal 
must be free of logical spikes in general and be free of 


bounces on the low-going edge lo avoid triggering ex- 
traneous responses. 


Maskable Interrupt (INTR) 


The 8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The in- 
terrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding Ihe end of the 
current instruction or the end of a whole move for a 
block type instruction. During interrupt response Se- 
quence, further interrupts are disabled. The enable bit is 
reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the in- 
terrupt. Unlil the old FLAGS register is restored, the 
enable bit will be zero unless specilically set by an in- 
struction. 


During the response sequence (See Figure 9), the proc- 
essor executes two successive (back to back) interrupt 
acknowledge cycles. The 8088 emits the LOCK signal 
{maximum mode only) from T2 of the first bus cycle until 
T2 of the second. A local bus "'hold” request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external in- 
terrupt system (e.g., 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by 
four and used as a pointer into the interrupt vector 
lookup table. An INTR signal lefl HIGH will be continual- 
Iy responded to within the limitations of Ihe enable bit 
and sample period. The interrupt relurn instruction in- 
cludes a flags pop which returns the status of the 
original interrupt enable bit when it restores Ihe flags. 
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HALT 


When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state in 
one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues ALE, 
delayed by one clock cycle, to allow Ihe system to latch 
the halt status. Halt status is available on IO/M, DTIR, 
and SSO. In maximum mode, Ihe processor issues ap- 
propriate HALT status on 52, Si, and S0, and the 8288 
bus controller issues one ALE. The B088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT in- 
dicator at the end of the local bus hold. An interrupt re- 
quest or RESET will force the 8088 out of the HALT 
state. 


Read/Modify/Write (Semaphore) Operations 
via LOCK 


The LOCK status information is provided by the proc- 
essor when consecutive bus cycles are required during 
the execution of an instruction. This allows the proc- 
essor to perform read/modify/write operations on 
memory (via the "exchange register with memory" 
instruction), without another system bus master recelv- 
ing intervening memory cycles. This is useful in multi- 
processor system configurations to accomplish “test 
and set lock” operations. The LÖCK signal is activated 
(LOW) in the clock cycle following decoding of the 
LOCK prefix instruction. It is deactivated at the end of 
the last bus cycle of the instruction following the LOCK 
prefix. While LOCK is active, all interrupts are masked 
and a request on a RQ/GT pin wlll be recorded, and then 
honored at the end of the LOCK. 


External Synchronization via TEST 


As an alternative to interrupts, the 8088 provides a 
single software-testable Input pin (TEST). This input Is 
utillized by executing a WAIT Instruction. The single 


TYPE VECTOR 


Figure 9. Interrupt Acknowledge Sequence 
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WAIT instruction is repeatediy executed until the TEST 


input goes active (LOW). The execution of WAIT does 
not consume bus cycles Once the queue is full. 


It alocal bus request Occurs during WAIT executlon, the 
BO88 3-states all output drivers. If interrupts are enabled, 
the 8088 will racognize interrupts and process them. 
The WAIT instruction Is then retetched, and reexecuted. 


Basic System Timing 


in minimum mode, the MN/MX pin is strapped to Vcc 
and the processor emits bus control signals compatible 
with_the 8085 bus structure. In maximum mode, the 
MN/MX pin is strapped to GND and the processor emits 
coded stalus information which the 8288 bus controller 
„ses to generate MULTIBUS compatible bus control 
sıgnals. 


System Timing — Minimum System 
See Figure 8.) 


Tne read cycle begins in T1 with the assertion of the ad- 
dress latch enable (ALE) signal. The tralling (low going) 
=oge ol this signal is used to lalch the address informa- 
"on. which is valid on the address/data bus (ADO-AD7) 
3: ınıs time, into the 8282/8283 latch. Address lines AB 
:=rough A15 do not need to be latched because they re- 
-aın valid throughout the bus cycle. From T1 to T4 the 
‘IM signal indicates a memory or /O operation. At T2 
"=e address is removed from the address/data bus and 
"=e bus goes to a high impedance state. The read con- 
"9: signal is also asserted at T2. The read (RD) signal 
zauses Ihe addressed device to enable its data bus 
rmers to the local bus. Some time later, valid data will 
>e available on the bus and the addressed device will 
zrve the READY line HIGH. When the processor returns 
e read signal to a HIGH level, Ihe addressed device 
mil again 3-state its bus drivers. If a transceiver 
3286/8287) is required to buffer the 8088 local bus, 
s.gnals DT/A and DEN are provided by the 8088. 


& write cycle also begins with the assertion of ALE and 
-e emission of the address. The IO/M signal is again 
asserted to indicate a memory or I/O write operation. In 
”2. ımmediately following the address emission, the 
z’ocessor emits the data to be written into the ad- 
zressed location. This data remains valid until at least 
-=e middle of T4. During T2, T3, and Tw, the processor 
asserts the write control signal. The write (WA) signal 
secomes active at the beginning of T2, as opposed to 
"se read, which is delayed somewhat into T2 to provide 
ı me for the bus to float. 


"ne basic difference between the interrupt acknowl- 
agge cycle and a read cycle is that the interrupt 
acknowledge (INTA) signal is asserted in place of the 
-ead (RD) signal and the address bus is floated. (See 
"ıgure 9.) In the second of two successive INTA cycles, 
a byte of information is read from the data bus, as Sup- 
z«red by the interrupt system logic (i.e. 8259A priority in- 
terrupt controller). This byte identifies the source (type) 
af the interrupt. It is multiplied by four and used as a 
aointer into the interrupt vector lookup table, as de- 
scribed earlier. 
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Bus Timing — Medium Complexity Systems 
(See Figure 10.) 


For medium complexity systems, the MN/MX pin is con- 
nected to GND and the 8288 bus controller is added 10 
the system, as well as an 8282/8283 latch for latching 
the system address, and an 8286/8287 transceiver to 
allow for bus loading greater than the 8088 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by 
the 8288 instead of the processor in this configuration, 
although their timing remains relatively the same. The 
8088 status outputs (S2, 51, and SÖ) provide type of 
cycle information and become 8288 inputs. This bus 
cycle information specifies read (code, data, or I/O), 
write (data or I/O), interrupt acknowledge, or software 
halt. The 8288 thus issues control signals specifying 
memory read or write, VO read or write, or interrupt 
acknowledge. The 8288 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The 8286/8287 trans- 
ceiver receives ihe usual T and ÖE inputs from the 
8288’s DT/A and DEN outputs. 


The pointer into the interrupt vector table, which is 
passed during Ihe second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8289A priority interrupt controller is 
positioned on the local bus, a TTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge se- 
quence and software "poll". 


The 8088 Compared to the 8086 


The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most internal functions of the 
8088 are identical to the equivalent 8086 functions. The 
8088 handles the external bus the same way the 8086 
does with the distinction of handling only B bits at a 
time. Sixteen-bit operands are fetched or written in two 
consecutive bus cycles. Both processors will appear 
identical to the software engineer, with the exception of 
execution time. The internal register structure is iden- 
tical and all instructions have the same end result. The 
differences between the BOB8 and 8086 are outlined 
below. The engineer who is unfamiliar with the 8086 is 
referred to the 8086 Family User’s Manual, Chapters 2 
and 4, for function description and instruction set 
Information. 


Internally, there are three differences between the 8088 
and the 8086. All changes are related to the 8-bit bus in- 
terface. 


* The queue length is 4 bytes in the 8088, whereas the 
8086 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was re- 
quired because of the additional time necessary to 
fetch instructions 8 bits at a time. 


515 


intel 


PRELIMINARY 


® To further optimize the queue, the prefetching algo- 
rithm was changed. The 8088 BIU will fetch a new in- 
struction to load into the queue each time there isa 1 
byte hole (space available) in the queue. The 8086 
waits until a 2-byte space is available. 


« The internal execution time of the instruction set is 
affected by the B-bit interface. All 16-bit feiches and 
writes from/to memory take an additional four clock 
cycles. The CPU is also limited by the speed of in- 
struction fetches. This latter problem only occurs 
when a series of simple operations occur. When the 
more sophisticated instructions of the 8088 are being 
used, the queue has time to fill and the execution pro- 
ceeds as fast as the execution unit will allow. 


A19/SE - A165 


READY 8088 


The 8088 and 8086 are completely software compatible 
by virture of their identical execution units. Software 
that is system dependent may not be completely trans- 
ferable, but software Ihat is not system dependent will 
operalte equally as well on an 8088 or an 8086. 


The hardware interface of the 8088 contains the major 
differences between the two CPUs. The pin assign- 
ments are nearly identical, however, with the following 
functional changes: 


« AB-A15 — These pins are only address outputs on the 
8088. These address lines are latched internally and 
remain valid throughoul a bus cycle in a manner 
similar to the 8085 upper address lines. 


Figure 10. Medium Complexity System Timing 
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« BHE has no meaning on the 8088 and has been elimi- 
nated. 


« 550 provides the SÖ status information in the mini- 
mum mode. This output occurs on pin 34 in minimum 
mode onty. DT/A, IO/M, and 5SÖ provide the complete 
bus status in minimum mode. 


IO/M has been inverted to be compatible with the 
MCS-85 bus Structure. 


® ALE is delayed by one clock cycle in the minimum 
mode when entering HALT, to allow the status to be 
tatched with ALE. 


8088 FUNCTIONAL PIN DEFINITIONS 


Tne following pin function descriptions are for 8088 
systems in either minimum or maximum mode. The 
-jocal bus" in these descriptions is the direct mullti- 
dtexed bus interface conneclion to the 8088 (without 
regard to additional bus buffers). 


AD7-ADO (Input/Output, 3-State) 


These lines constitute the time multiplexed memory/lO 
address (T1) and data (T2, T3, Tw, and T4) bus. These 
nes are active HIGH and float to 3-state OFF during in- 
“errupt acknowledge and local bus "hold acknowledge”. 


A15-AB (Output, 3-State) 


These lines provide address bits 8 through 15 for the 
entire bus cycle (T1-T4). These lines do not have to be 
atched by ALE to remain valid. A15-AB are active HIGH 
and float to 3-state OFF during interrupt acknowledge 
and local bus "hold acknowledge”. 


A19WS6, A18/S5, A171S4, A16/S3 (Output, 
3State) 


Zunng T1, these are the four most significant address 
mes for memory operations. During VO operations, 
esse lines are LOW. During memory and l/O operations, 
status information is available on these lines during 
2, T3, Tw, and T4. S6 Is always low. The status of the 
-<errupt enable fläg bit (S5) is updated at the beginning 
=’ each clock cycle. S4 and S3 are encoded as follows: 


ss Is CHARACTERISTICS 


0 (LOW) Alternate Data 
0 Stack 

Code or None 
Data 


1 (HIGH) 
1 
S6 is 0 (LOW) 


”-s ınformation indicates which segment register is 
zresentiy being used for data accessing. 


=ese lines float to 3-state OFF during local bus "hold 
ac«nowledge". 
AD (Output, 3-State) 


Sead strobe indicates that Ihe processor is performinga 
=emory or /O read cycle, depending on the state of the 
DW pin or S2. This signal is used to read devices which 
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reside on the 8088 local bus. AD is active LOW during 
T2, T3and Ty of any read cycle, and is guaranteed to re- 
main HIGH in T2 until the 8088 local bus has floated. 


This signal floats to 3-state OFF in "hold acknowledge'". 


READY (Input) 


READY is the acknowledgement from the addressed 
memory or /O device that it will complete the data Irans- 
ter. The RDY signal from memory or IO is synchronized 
by ine 8284 clock generator to form READY. This signal 
is active HIGH. The 8088 READY input isnotsynchronized 
Correct operation is not guaranteed ifthe set up and hold 
times are not met. 


INTR (Input) 


Interrupl request is a level triggered input which is 
sampled during the last clock cycle of each instruction 
to determine if the processor should enter into an inter- 
rupt acknowledge operation. A subroutine is vectored to 
via an interrupt vector lookup table located in system 
memory. It can be internally masked by software reset- 
ting the interrupt enable bit. INTR is internally synchro- 
nized. This signal is active HIGH. 


TEST (Input) 


The TEST input is examined by Ihe "wait for test" in- 
struction. If the TEST input is LOW, execultior con- 
tinues, otherwise the processor waits in an “'idle’ state. 
This input is synchronized internally during each clock 
cycle on the leading edge of CLK. 


NMI (Input) 


Non-maskable interrupt is an edge triggered input which 
causes a type 2 interrupl. A subroutine is vectored to via 
an interrupt vector lookup tabie located in system mem- 
ory. NMI is not maskable internally by software. A trans- 
ition from a LOW to HIGH initiates the interrupt at the 
end of the current instruction. This input is internally 
synchronized. 


RESET (Input) 


RESET causes the processor to immediately terminate 
its present activity. The signal must be active HIGH for 
at least four clock cycles. It restarts execution, as 
described in the instruction set description, when 
RESET returns LOW, RESET is internally synchronized. 


CLK (Input) 


The clock provides Ihe basic timing for the processor 
and bus controller. It is asymmetric with a 33% duty 
cycle to provide optimized internal timing. 


Vec 
Vcoc Isthe +5V #£ 10% power supply pin. 


GND 
GND are Ihe ground pins. 


MINIMUM MODE PIN DESCRIPTIONS 


The following pin function descriptions are for the 8088 
minimum mode (i.e., MN/MX = Vcc). Only the pin func- 
tions which are unique to minimum mode are described; 
all other pin functions are as described above. 


IO/M (Output, 3-State) 


This status line is an inverted maximum mode 32. It is 
used to distinguish a memory access from an I/O ac- 
cess. IO/M becomes valid in the T4 preceding a bus 
cycle and remains valid until the final T4 of the cycle 
{NO = HIGH, M=LOW). IO/M floats to 3-state OFF in 
local bus ''hold acknowledge'. 


WR (Output, 3-State) 


Write strobe indicates that the processor is performing 
a write memory or write l/O cycle, depending on the 
state of the IO/M signal. WR is active for T2, T3, and Tw 
of any write cycle. It is active LOW, and floats to 3-state 
OFF in local bus “'hold acknowledge”. 


INTA (Output) 


INTA is used as a read strobe for interrupt acknowledge 
cycles. It is activa LOW during T2, T3, and Tw of each in- 
terrupt acknowledge cycle. 


ALE (Output) 


Address latch enable (ALE) is provided by the processor 
to latch the address into the 8282/8283 address latch. It 
is a HIGH pulse active during clock low of T1 of any bus 
cycle. Note that ALE is never floated. 


DT/R (Output, 3-State) 


Data transmit/receive is needed in a minimum system 
that desires to use an 8286/8287 data bus transceiver. It 
is used to control the direction of data flow through the 
transceiver. Logically, DT/R is equivalent to 51 in the 
maximum mode, and its timing is the same as for IO/M 
(T= HIGH, R= LOW). This signal floats to 3-state OFF in 
local "hold acknowliedge". 


DEN (Output, 3-State) 


Data enable is provided as an output enable for the 
8286/8287 in a minimum system which uses the trans- 
ceiver. DEN is active LOW during each memory and VO 
access, and forINTA cycles. For a read or INTA cycle, it 
ıs active from the middie of T2 until Ihe middie of T4, 
while for a write cycle, it is active from the beginning of 
T2 until the middle of T4. DEN floats to 3-state OFF dur- 
ing local bus ''hold acknowledge". 


HOLD (Input), HLDA (Output) 


HOLD indicates that another master is requesting a 
local bus "hold". To be acknowledged, HOLD must be 
active HIGH. The processor receiving the "hold" re- 
quest will issue HLDA (HIGH) ac an acknowledgement, 
in the middle of T4 or Tl. Simultaneous with the is- 
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suance of HLDA, the processor will float the local bus 
and control lines. After HOLD is detected as being LOW, 
the processor lowers HLDA, and when the processor 
needs to run another cycle, it will again drive the local 
bus and control lines. 


Hold is not an asynchronous input. External synchroniza- 
tion should be provided if the system cannot otherwise 
guarantee the set up time. 


EXT) 


This status line is logically equivalent 10 SO in the max- 
imum mode. The combination of 550, IO/M and DT/R 
allows the system to completely decode the current bus 


cycle status. 
eE CHARACTERISTICS 


Interrupl Acknowledge 
Read \/O port 

Write /O port 

Halt 

Code access 

Read memory 

Write memory 

Passive 


-90-.0-.0-.0 


MAXIMUM MODE PIN DESCRIPTIONS 


The following pin function descriptions are for the 8088, 
8228 system in maximum mode (i.e, MN/MX=GND. 
Oniy the pin functions which are unique to maximum 
mode are described; all other pin functions are as 
described above. 


82, S1, SO (Output, 3-State) 


These status lines are encoded as follows: 


ur CHARACTERISTICS 


0 (LOW) Interrupt Acknowledge 
Read l/O port 

Write I/O port 

Halt 

Code access 

Read memory 

‘Write memory 

Passive 


gl 


-=-200--00 
-000-0-0 


Status is aclive during clock high of T4, T1, and T2, and 
is returned lo the passive state (1,1,1) during T3 or dur- 
ing Tw when READY is HIGH. This status is used by the 
8288 bus controller to generate all memory and VO ac- 
cess control signals. Any change by S2, 51, or SO during 
T4 is used to indicate the beginning of a bus cycle, and 
Ihe return Io the passive state in T3 or Ty is used to in- 
dicate the end of a bus cycle. 


These signals float lo 3-state OFF during ''hold 
acknowledge'. During the first clock cycle after RESET 
becomes active, ihese signals are active HIGH. After 
this first clock, they float to 3-state OFF. 


RQI/GTO, RQ/GT1 (Input/Output) 


The request/grani pins are used by other local bus 
masters to force the processor to release the local bus 
atthe end of the processor's current bus cycle. Each pin 


ıs bidirectional with RO/GTO having higher priority than 
RO/GT1. RQ/GT has an internal pull-up resistor, so may 
be left unconnected. The request/grant sequence is a$ 


tollows (See Figure B): 


1. A pulse of one CLK wide from another local bus 
master indicates a local bus request ("hold'') to the 
8088 (pulse 1). 


During the CPU's next T4 or TI, a pulse one clock 
wide from the 8088 to the requesting master (pulse 2), 
ındicales that Ihe 8088 has allowed the local bus 10 
float and tnat it will enter the “‘hold acknowledge" 
state at the next CLK. The CPU's bus interface unit is 
disconnecled logically Irom the local bus during 
"hold acknowledge". 


[N] 


A pulse one CLK wide from the requesting master in- 
dicates to the 8088 (pulse 3) that the ''hold” request 
is about to end and that the 8088 can reclaim the 
local bus at Ihe next CLK. The CPU then enters TA. 


Each master-master exchange of the local bus is a se- 
wuence of three pulses. There must be one Idie CLK 
cycle after each bus exchange. Pulses are active LOW. 
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LOCK (Output, 3-State) 


The LOCK oulput indicates that other system bus 
masters are not to gain Control of the system bus while 
LOCK is active (LOW). The LOCK signal is activated by 
the "LOCK’ prefix instruction and remains active until 
the completion of the next instruction. This signal is ac- 
tive LOW, and floats to 3.state off in “'hold acknow!- 
edge". 


QS1, QSO (Output) 


QS1 and QS0 provide status to allow external tracking of 
the inlernal 8088 insiruction queue. 


| ası |aso| CHARACTERISTICS 


0 (LOW) 


No operation 

Firsi byte of opcode from queue 
Empty Ihe queue 

Subsequent byte from queue 


0 
1 (HIGH) 
1 


The queue status is valid during the CLK cycle after 
which the queue operation is performed. 


PIN 34 (Output) 
Pin 34 is always high in the maximum mode. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias......... 0°C to 70°C 
Storage Temperature............. -65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground.........2c2cccc.. -10t0 +7V 
Power Dissipation ....... 2222 c core 2.5 Watt 


D.C. CHARACTERISTICS 
8088: TA=0°C 10 70°C, Voc=5V + 10% 


Parameter 


Input Low Voltage 


"NOTICE: Strasses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. Thisiga stress rating oniyand 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification ig not 
implied. Exposure to absolute maximum raling conditions for extended 
periods3 may affect device retiability. 


Test Conditions 


Input High Voltage 


Output Low Voltage 


Output High Voltage 


Ion = 400 „A 


Power Supply Current 


Input Leakage Current 


OV<VIN<Vcc 


Output Leakage Current 


Clock Input Low Voltage 


Clock Input High Voltage 


Capacitance of Input Buffer 
(All input except 
ADo-AD, RQIGT) 


Capacitance of l/O Buffer 
(ADg-AD7 ROIGT) 
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A.C. CHARACTERISTICS 


8088: T,=0°C to 70°C, Vec =5V # 10% 


8088 MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


TCLEL CLK Cycle Period SE 


TCHCL CLK High Tıme (ATCLCH +2 
TCHICH2 CLK Rise Tıme 


Si 
BE 
| 
BE Te 
CLK Fall Time 
Data In Setup Time 
Data In Hold Time 
EEE En EEE 
irre 
BEE 
| 


Tesl Conditions 


From 1.0V03.5V 
From 3.5V to 1.0V 


TDVCL 


TRIVCL RDY Setup Time into 8284 (See Notes 1.2) 
TCLRIX ADY Hold Time ınto 8284 (See Notes 1, 2) 


TRYHCH READY Setup Tıme ınto 8088 


TCHRYX READY Hold Tıme ınto 8088 


TRYLCL 


READY Inactive to CLK (See Note 3) 


THVCH 
TINVCH 


HOLD Setup Time 


Nm AN Tee a. me Bea EEE 


B 
5 
ur 


TIMING RESPONSES 


Tv » 
E 
 Thsoress Fo Date | rei 


Address Floal Delay 
ALE Widih TCLCH-20 
ALE Active Delay 


ALE Inactive Delay 
Address Hold Time to ALE Inactive TCHCL-10 
TCLDV Data Valid Delay 10 


Test Conditions 


TCLAX 
TCLAZ 
TLALL 


elglz 
FI 


CL = 20-100 pF for 


all 8088 Outputa 
TWHDX Data Hold Time After WR TCLCH-30 Internal loads 
TCVCTV Control Active Delay 1 10 


Control Active Delay 2 | 


Control Inactive Delay 
TAZAL Address Fioat t0 READ Active 
TCLAL RD Active Delay 


AD Inactive Delay 0 
HLDA Valid Delay 


TAVAL Address Valid to ALE Low TCLCH-60 


ı Signal at 8284 shown for reference only. 
2 Setup requirement for asynchronous signal only to guarantee recognition at ner! CLK 
3 Applies only to T2 state (8 ns ınto T3 State). 


; 
2 


621 


intel 8088 PRELIMINARY 


T 
TCLCEL——-|TCHICH2 


Er ES a 


DK mn ID 


RDY (8284 Inpul) 
SEE NOTES 


READY (8088 Input) 


READ CYCLE 
(NOTE 1) 
(FR. IRTA = Von) 


Figure 11. 8088 Bus Timing — Minimum Mode System 


I 8088 PRELIMINARY 


T3 
TeL2CLI 


CLK (8284 Output) 


ADr-ADo 


WRITE CYCLE 
NOTE I 


TCVCTV—e| 


TOVCTX — 
—TDVCL—| 


INTA CYCLE 
NOTES 1,3 
(AB. WA = Von) 


SOFTWARE HALT - 
ÖEN.RD.WALINTA = Von INVALID ADDRESS SOFTWARE HALT 


. ALL SIGNALS SWITCH BETWEEN Vou AND Voı UNLESS OTHERWISE 
SPECIFIED. 

RDY IS SAMPLED NEAR THE END OF T;, Ty. Tw TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSEATED. 

. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL SIGNALS 
ARE SHOWN FOR THE SECOND INTA CYCLE 

. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 

. ALL TIMING MEASUREMENTS ARE MADE AT 1.59 UNLESS OTHERWISE 
NOTED. 


Figure 12. 8088 Bus Timing — Minimum Mode System (cont.) 
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8088 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 


Paramater 


TCLCL CLK Cycle Period 

TCLCH CLK Low Time 

TCHCL CLK High Time 

TCHICH2 CLK Rise Time From 1.0V 10 3.5V 
TCL2CLI CLK Fall Time From 3.5V to 1.0V 
TDVCL Data In Setup Time 

TCLDX Data In Hold Time 

TRIVCL RDY Setup Time into 8284 (See Notes 1, 2) 


TCLAIX RDY Hold Time into 8284 (See Notes 1, 2) 

TRYHCH READY Setup Time into 8088 

TCHAYX READY Hold Tıme inıo 8088 

TAYLCL READY Inaclive to CLK (See Note 4) 

TINVCH Setup Time for Recognition (INTA, NMI, TEST) (See Nole 2) 
TGVCH AG/GT Setup Time 

TCHGX AG Hold Time into 8086 


TIMING RESPONSES 
Parameler . . Test Conditions 
Command Active Delay (See Note 1) 


Command Inactive Delay (See Nole 1) 
TRYHSH READY Active to Stalus Passive (See Note 3) 
Status Aclive Delay Sr ” 
Status Inactive Delay“ 
Adaress Valld Delay 
Address Hold Time 


Address Float Delay 
Status Valid to ALE High (See Note 1) 


Status Valid to MCE High (See Nole 1) 
TCLLH CLK Low to ALE Valid (See Note 1) 
CLK Low lo MCE High (See Note 1) 
TCHLL ALE Inactive Delay (See Note 1) CL = 20-100 pF tor 
NCE Inactive Delay (See Note 1) eng 
Data Valid Delay Internal Ioads 
TCHDX Data Hold Time 
Control Active Delay (See Note 1) 
Control Inactive Delay (See Note 1) 
AD Active Delay 
TCLGH GT Inactive Delay 


NOTES: 1. Signal at 8284 or 8288 shown lor reference Only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wall states. 
4. Applies only to T2 state (8 ns Into T3 state). 
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Tı 
TCLCL ITCHICH2 


551,55 (EXCEPT HALT) 
Aıs-Ag 


AufSe-Aı0Sı 


TSVLH 
TELLH: 


SEE NOTE S Bu u = 
DY (A284 INPUT) N'g RLANLIDD. N 


TAYLCL — 


AEADY (8088 INPUT) 
TRYHSH —- 
! 


TeLAX p— TRYHCH —! 
tove ——--scıox 


READ CYCLE 


Figure 13. 8088 Bus Timing — Maximum Mode System (Using 8288) 
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52, 51, BG (EXCEPT HALT) 11 (me now 8) 


WRITE CYCLE TCLSH | TCHOX--| 


TON 
DEN 


8288 OUTPUTS 
SEE NOTES 5,6 AMWC OR AIOWC 


MWTE OR iöwe 


INTA CYCLE 


Ays- As RESERVED FOR 
(SEE NOTES 3.4) CASCADE ADDR FLOAT 


TOVCL——| 


Kronen 


TSYMCH 


nr 
[2 


TCLMCH— TCHOTL —i TCHDTH 
l 


EB OUTRUTS TELML —- 
INTA 
SEE NOTESS.S I I 


-TCLMH 


SOFTWARE TCVNK | 
HALT - (DEN = Vo, :AD.HADE FORT. UWTE AWO TOWE ATOWE.INTA, = Von. 


ADr - ADo, Aıs - As 


INVALID ADDRESS 


. ALL SIGNALS SWITCH BETWEEN Von AND VoL UNLESS OTHERWISE 
SPECIFIED. 

. ADY IS SAMPLED NEAR THE END OF T3, Ty, Tw TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

. CASCADE ADDRESS IS VALID BETWEEN FIAST AND SECOND INTA 
CYCLES. 

. TWO INTA CYCLES RUN BACK -TO-BACK. THE 8088 LOCAL ADOR/DATA 
BUS 15 FLOATING DUAING BOTH INTA CYCLES. CONTROL FOR 
POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE. 
SIOQNALS AT 8284 OR 8280 ARE SHOWN FOR REFERENCE ONLY 
THE ISSUANCE OF THE 8288 COMMAND AND CONTROL SIGNALS 
(MABT. BWTT, AUWT, (ORT. IOWCT, ATOWT, IRTA AND DEN) LAGS THE 
ACTIVE HIGH 8288 CEN. 
ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHEAWISE 
NOTED. 

. STATUS INACTIVE IN STATE JUST PRIOR TO Ta. 


Figure 14. 8088 Bus Timing — Maximum Mode System (Using 8288) 
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u 2 


Figure 15. Asynchronous Signal Recognition 


Any CLK Cycle = Any CLK Cycie = 
ar WW, 
ei TCLAv I —TCLav 
Lock 


Figure 16. Bus Lock Signal Timing (Maximum Mode Oniy) 


rm Any CK Kalareı Kaa "OLE Crele ——; 


WOTE 1. THE COPROGERAUN MAY NOT DRIVE THE BUSSES OUTBIOE THE REGION 
ENOEN WITHOUT AERO COMTENTION. 


Figure 17. Request/Grant Sequence Timing (Maximum Mode Oniy) 


[25 TCLR CYCLE— — 1 OR 2CTCLES 


HOLD | 
Dh 


TCLHAY TCLHAV 
| 


Figure 18. Hold/Hold Acknowiedge Timing (Minimum Mode Only) 
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BATA TRABSFER 

EN: Bew. 

Ragunier tmangı y 1o/lrom ragınler 
Hmumgduata 10 dagısler /mamary 
Ammadsala 10 register 

Memoıy 10 Bccumulstor 

Actumulator 10 Memory 

Dagıkint Immo y 10 yegmanı 1egikter 
Segment segisler 10 vepıslar ımamaıy 


russ fa: 
Aegesiar imamary 
Rargıtier 

Sagen egıster 


roP Pe: 
Register /memoıy 
Aagısier 
Sagmami register 


ACH : Kuchenpe: 
Ragriiat memory wrih togıster 
Aargptier wein ScCumdalor 


IMetngut from 
Frutd port 
arsadie Dort 


OUT = Dutpui to 

Fred porı 

Yarabie port 

LAT Tramsiste byte 10 AL 
ABA «Load EA to regrster 
UBB-LOad poster 10.05 
LEB-Loag pomter Io ES 
LANF «Land AM wrih Hays 
GAB «Sansa AN Wmio Mage 
FRI -Pab Nayı 

a ud, 203 


ARITRETK 

a Ad: 

Bag tmamasy with cogiBler 10 Grar 
Mmamarlale 1a eaprEigs imemaıy 
Imrmdate 10 Bccumulalor 


ML Aid wi arıy: 

Pung FmamnOry with agınter 10 erfher 
Immedıata Io tegrklar memory 
Immeguate 10 Kccumolalor 


WC : Imeremant: 

Aayataı 'mamaıy 

Rgesier 
Aah-ASCI admust for ac 
Bad» Dacamal dus! for a6c 


008 : Gulruet: 

(arg Imemory And (ngrttw 10 eriher 
MRmadtaNe tom 1agınlar /manmory 
Wmumednale Itom accumulgldr 


088 : Anbirasl win herren 
Mag /mgumpt y nd Toprulr 10 ariheı 
Imumefeute from FegrEu Imemary 
WeraBnduate Irom BCCummulator 


Mnemonics Oınter, 1978 


8086/8088 
INSTRUCTION SET SUMMARY 


Moınooo=[ ame [sone] 
(TonaoTe] "am [ans | 


EHEENENEELTZELEICH 
[01010 0] 
000m 110 


CHIIERTER 


[IIKIEKI TECH 


KEREEEEEN 
0001101 
‚1000101 [mas 


voshans.]rs sm] 
"O00001n|menoe.m ] os I mmnseon] 


09000010» ELITE 


0007004 = 
"000001. [messıdem | _ em _T emarear] 


01000 19 
00100111 


CHIDITTEI TEE 
(Hooonose[meuror m [ em _] amansei] 
[mono nos] an mn] 


[6.0.0 11.0.0 = [mo m m] 
1000001 .= Immo m | oa 1 atarsw or] 


RC rem 
Pagıster imemany 
Regıstes 

IR Change son 


mamaıy and segısier 
Immedsale wlh segınlaı imamoıy 
Immedsate wılh atcumulator 
Mag ASCH aopısı Tor Sublracı 

1 Jon subtracı 

wwL Bulldy wnsrgmegt 
MAL Integer multiply 1sgredı 
ARE ASCH adtus! for mullıply 
W Divroa (unzsgnadı 
DEV Integer Grunde Ihagnedı 
AAB ASCH acjust for dvıde 
CH Convert dyie 10 word 
CwE Convert word 10 double 


LOEIE 

RT laser 

BL EA Srutt 1O9Kal Arinmenc tet 
RE SHıfl Iogıcal ıgn! 

WAR Sr annmenc nıgnt 

BL Rotare velı 

BER Roiaie ngı 

BEL Rotale Ihrougn caıry lag ıelı 
EU Aotate wough carıy nah 


ang And 

Bag -memory and segister 10 eıther 
Tmmeg«ate 10 repısien memory 
Ammagıae to Accumulaior 


181 
Regısier memory and segısier 
Immedısie Gala and regıyler memauy 
Imemedıste Hat and äccumulalar 


nm @: 

Reg Imamary and segıster ta eıfhan 
Immed«3Ie to segehter memory 
Immegäte 10 Bccumulalor 


KOM Cackseiwn er: 

Aa memory and cegısier 10 einer 
Immanıaie to tegınleı /memary 
Immedıale 10 Mccumulator 


STR MANIPULATION 
REP Repeat 

MBOVE- Moe byte/wart 

CAPS Compare byiiword 
HAS> Scan Ayielword 
LODI-Lom byteiwd 10 ALTAK 
3T09-Sıar byie/wo Irom ALIA 
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s3210 7654372198 
Panne Tmao0ı m] 


rasayızıa rOsaIzıE 


0011100 0]ma m 1m] 
(10058010 [nosr ı um [ae] mans] 


193030100 7|00001010 
139101011000010990 


CHKEKEREI EITEL EL 10 («m 
KELKIISEICTIITEE 


110100vw 

KELEEIEEICZIITEEE 
110100, e[maooı m] 
KETEEIERICHTITSN 
Tro1000 0 [men m] 


09100049» 
1090000e[msia0 m u] wien] 
sorn0ı0e] am [ omenı] 


mea000 m | __ a _] omas] 


1000010“ 
[KKETEETT 
1910100“ 


CIIKIETEIFTECHON 
Laso900= [neo m [ em _ I umenr} 


9000110“ 


CREEITTEICTEOEE 
[opoon=Jasrı nm ] aa _[ amer] 
[por 0100] am I omaer] 


CBETROL TRANSFER 
aa : GE TaB432ı0 709432190 
Baurı ode samen 
art wachen segment 
Bear mr sgmanı 


KREERERENCTTITEIE 


mucı mersagmen! 


2 : Ueummdiienel Jump: 
Dear wuten sogmen! 
Bez) wen segmeni-shart 
naacı when sagmen! 
Dear tersegmanı 


apruc aintsagmanl 


ET. Raten Iram CAlL: 
men! 

u u ae ımmed 10 SP 
erg 

wrugmesi addıng ımmedıale 10 SP 


rl emp on equalizeio 
A mg kn kessinot greater 


A 

AB Jump on ers 07 equalinol 
ram 

GEHE Jump or below /nol above 

um on below or equal’ 
in 

II Bm on parıty/parıty even 


> mp on oveillow 

um a von 

EEE: ua On nol euualino! zero 

RL Jump on no less/grealer 
“ 

= u 00 11 Vess 0 wqual; 
uam 


“Sat Sccumulalor 

= We accumulator 

= mut regısier 

ZE ma segmen! 

3 Eaa sogment 

mut: yrlyaı refers to unsigned value 

u : more posilıve, 

u + REES Positive (more negalıve) sıygned values 
0-7 mn re reg, (ld = Oihen "lrom” 1eg 

eu" men ward ınstzuclion, ıl w = O ihen byle ınstruchion 


ve: ti men im ıs Irealod as a REG held 
„ums - U han DISP = 0°. dısp-Iow and dısp-high are abseni 


um = MI en DISP = dısp-Iow sıyn-extended lo 16-bıts. disp-high ıs absent 


cum - Wien DISP = dısp-nigh disp-Iow 

or an EA « (BX) - (SI » DISP 

vom «ui en EA = (BX) + (DI) » DISP 

"mm Oi tan EA = (BP) + (SI) - DISP 

nun « Otiihen EA = (BP) + (DIN - DISP 

em « BD Men EA » (SI) » DISP 

em = Wi Rn EA - (DI) - DISP 

2m » Wen EA = (BP) + DISP* 

em « ITi men EA « (BX) + DISP 

BEP uisazs Znd biyla of instruction (before dala ıl required) 


eu 4 mad = OD and rim » 110 then EA - dısp-high dısp-Iow 


wmgmorece © Intel. 1978 


Wı101000] ame Tonne ] 
(Foss ano] omas | amerngn ] 


JUW/JAE Jumo 2 not below /above 


5 or equal 
JWBE/IA Jump on nol below or 
equaliabove 


JBP/IPO Jump on nol par/par 000 


BO Jump on nal overliow 
JBS Jumo on nol sıga 
100P Loop CH lımes 


LOGPE/LUBPE Loop while zecolequal 
LOBPRI/LOGPBE Loop while nol 


rerolequa' 
KCAL Jump on CA gero 


INT Interrupt 

Type specıhieo 

Ivpe 3 

IMTO Intercupi on overtiow 
HET Intersupt return 


PRDCESSOR CONTAOL 
ELE Ciear carıy 

Cut Complemeni carıy 
IC Ser canıy 

CLO Ciear direchon 

STO Set direction 

EI Cieas nierrupt 

IT Sei ınteriupt 

ALT Malt 

war waı 

(BE Escape ıt0 enlernat devicer 
LOCH Bus Inch grehn 


PRELIMINARY 


Te343210 76543219 


1100001] 080 | 


(1 tooooo| us | 
Lreoootı]| m | 


11001100 


DEXTEEEN) 


119111000 
10910101 
11111008 


111371100 
1118 110% 
ı1111010 
1110100 


oonson 


17040 vn elmode un ılm 


11110600 


1 s w=01 then 16 bils of ımmedıate data lorm the operand 

ds w=t! then an ımmedıale data byte ıs sign extended 10 
form ihe 16-bil operand 

ıt v=0Olhen "count =1. ıl v= 1 then "count ın (CL) 

x = don't care 

rt ıs used for string primitives for Comparıson wılh ZF FLAG 

SEGMENT OVERRIDE PREFIX 


REG ıs assıgned accordıng Io the tollowıng table 


168 fe: 1} BB I" 0) Sagmanı 
00 Ax 00 Al w Es 
oc m CL 01 c5 
010 DX 010 OL ss 
01: BX on BL 11.08 
100 SP 100 AH 
101 BP 104 CH 
110 5 110 DH 
nt 0 111 BH 


Instructions which reference the Mag register file as a 16-bıl objeci use the symbol FLAGS 10 


represent Ihe lile: 


FLAGS = X.XX.XIOF) (DFIIF) (FI ISFILZFI X AFI RK (PFI ICE) 
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F8 MICROCOMPUTER DEVICES 


F8 Central Processing Unit MK 3850 


FEATURES 

D N-channel Isoplanar MOS technology 
D 2 uS cycle time 

D 64 byte RAM on the CPU chip 

m] 

D 


Two bi-directional, 8-bit I/O ports 


8-bit arithmetic and logic unit, supporting both 
binary and decimal arithmetic 


Interrupt control logic 
Both external and crystal clock generating modes 


Over 70 instructions 


Low power dissipation—typically less than 
330mW 


GENERAL DESCRIPTION 


The MK3850 is the Central Processing Unit (CPU) 
for the F8 Microprocessor family. It is used in 
conjunction with other F8 family devices to con- 
figure the optimal microprocessor system for the 
amount of RAM, ROM/PROM, and I/O required in 
the users application. A minimum systen may be 
configured with as few as two devices (CPU & PSU), 
while larger systems may have up to 64K bytes of 
memory, 128 I/O ports, direct memory acccess, 
and even multiple processors. Single chip micro- 


computer systems are also possible using the 
MK3870 

PIN NAME | DESCRIPTION TYPE 

DB0-D8? Data Bus Lines Bi-directional (3-Staw) 
®wRITE Clock Lines Ou put 

YO 00-1/0 07 NO Port Zero Input/Ou put 

VO 10-1/0 17 NO Port One Input/Output 

RC RC Network Pin Input 
ROMCO-ROMCA Control Lines Qumput 

EXT RES External Reset Input 

INTREQ Interrupt Request Input 

ICB Interrupt Control Bit Oumput 

XTLX Crystal Clock Line Oumput 

xTLY External Clock Line Input 

Vss, VDD. VGG Power Lines Input 


SINGLE CHIP MK3870 


ale] S% 


4L6} 4890250 


F8 FAMILY 


ve ru 

voc—y | _MK3650 
“ED Pro 
vol» MK3871 m 
eu Buerr 
wocZy| meassı ao 

DMA 

——ei- 


ln 


orp2mIv-ımv 
<a0ozmZ 


PIN CONNECTIONS 
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d 1: 
WRITE 2 
Voo 3 
Ves 4 
083 5 
083 6 
17013 7 
TOT 8 
DB2 9 
700 ıo MK3850 
[di 1ı [I 
DBIı ı2[] 
ron s(] 
708 «[] 
DB? sl] 
1096 [| 
ROMC® ır[ | 
ROMC I ve[_| 
ROMC2 ı[_| 
ROMC 3 20 || 


FUNCTIONAL PIN DEFINITION 


® and WRITE are clock outputs which drive all 
other devices in the FB family. 


XTLX and XTLY are used when generating the 
systen clock in the Crystal mode. The XTLY pin 
is also used for operating in the External clock 
mode. 


ROMCO through ROMCA4 are control outputs which 
control logic operations for other devices in the F8 
family. OMCO through ROMC4 assume a state 
early in each machine cycle and hold that state for 
the duration of the cycle. 


DBO through DB7 are bi-directional data bus lines 
which link the 3850 CPU with all other FB chips in 
the system. These are multiplexed lines, used to 
transfer data and addresses. 


7/0 00 through I/O 07 and 1/O 10 through 1/O 17 
are Input/Output port bits through which the CPU 
communicates with logic external to the micro- 
Processor system. 


EXT RES may be used to externally reset the 
system. When this line is pulled low, the program 
counter is set to address H '0000'. 


INT REO is used to signal the CPU that an interrupt 
is being requested. he 3851 PSU and 3853 SMI 
devices contain _logie to initiate interrupt requests 
by pulling INT REO low. The CPU acknowledges 
interrupt requests by outputting appropriate ROMC 
signal sequences. 


tCB indicates_whether or not the_CPU is currently 
ignoring the INT REO line. If ICB is low, the CPU 
will respond to interrupt requests, if TCB is high, 
the CPU will ignore interrupt requests. 


RC is not used and should be connected to VSS for 
normal operation. 


Voss =OV 
VDD = +5V + 5% @ 80mA max. 
VGG = +12V + 5% @ 25mA max. 


CPU ORGANIZATION 


This section describes the basic functional elements 
ofthe MK3850 CPU. These elements are shown on 
the Functional Block Diagram of the CPU in Figure 3. 


Instruction Register (IR) 


The. Instruction Register stores the instruction Op- 
eration code during the instruction execution se- 
uence. The OP Code is loaded into the Instruction 

egister from the data bus at the end of the execu- 
tion sequence for the previous instruction. The last 
operation associated with each instruction is there- 
fore the fetch of the OP code for the next instruction 
to be executed (unless an interrupt initiates the 
interrupt service sequence). The newly fetched OP 
code is latched into the Instruction Register at the 
start of the next machine cycle (as defined by the 1-0 
transistion of the WRITE clock). 


Most OP codes are either 4 or 8 bits long. For those 
instructions where the OP code may be completely 
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specified using the upper 4 bits of the machine 
instruction, the lower 4 bits are used to specify an 
operand. This operand may specify a Scratch Pad 
Register, Port, or a 4bit Immediate Constant. For 
this reason, the lower 4 bits of the instruction register 
are bussed to both the Scratch Pad Register Select 
logic and the Right Multiplexer Bus. 


Control Unit 


The Control Unit for the CPU consists of the Control 
ROM (CROM) and the State Counter. The CROM is 
responsible for gensrating all system timing and 
control signals required for controlling data flow 
within the F8 CPU and other FB circuits. 


The inputs to the CROM logic are the 8 bits from 
the instruction register, 4 bits from the State 
Counter, three internal status signals ("ALU 
RESULT = 0”, "ISARL = 7”, and the status of the 
Interrupt Control Bit (ICB) and two external condi- 
tions (INT REQ and Reset). 


The IR inputs to the control logic identify which 
instruction is being executed, while the State Counter 
inputs define the machine cycle within the instruc- 
tion execution sequence. The status of the ICB 
together with INT REQ are used to determine 
whether the interrupt sequence is to be initiated in 
lieu of fetching a new instruction. The reset input 
initiates the restart sequence. The remaining two 
internal signals are used to make branching decisions. 


The outputs generated by the control logic fall into 
three groups. 


External Commands 
Next State Outputs 
Internal Commands 


External commands are coded into the 5 system 
control lines (ROMCO - ROMCA4). Descriptions of 
these commands are shown in Table 2. 


The next state outputs are 4 signals representing the 
next state of the State Counter. These signals are 
decoded during the present machine cycle and are 
strobed into the State Counter at the start of the 
next cycle. At that time these signals become the 
present state inputs to the CROM from the State 
Counter and new next State Outputs are generated. 


The internal commands control data flow within 
the F8 CPU circuit. These commands include 
selecting the ALU operation to be performed, gating 
the proper input onto the Left and Right Multi- 
plexer Busses, gating the Result Bus into the proper 
register or onto the Data Bus, selecting the proper 
Scratchpad Address input (either the ISAR or the 
lower 4 bits of the IR), and providing a signal to the 
timing circuits to force either a long or a short cycle. 


Arithmetic And Logic Unit (ALU) 


The 8-bit parallel ALU is the heart of the CPU. 
After receiving commands from the control circuits 
on the CPU circuit, the ALU performs the required 
arithmetic or logic operations (using the data 
presented on the two input busses) and provides 


the result on the Result Bus. The arithmetic opera- 
tions that can be performed in the ALU are binary 
add, decimal adjust, add with carry, decrement, and 
increment. The logic operations that can be per- 
formed are "AND”, ”OR”, "EXCLUSIVE OR’, 
and "1’s COMPLEMENT”. Associated with the left 
input port to the ALU is a shifter, a complementer, 
and a low order carry (Co). The shifter can shift 
the left Multiplexer Bus to the left or to the right by 
1 or 4 bits. The complementer can perform the 1's 
complement of the left Multiplexer Bus before 
providing it as an inputtothe ALU. Co participates 
whenever the ALU performs the add with carry 
operation. Normally it is a zero, but may be forced 
to a 1 or may take the state of the carry bit in the W 
register. Besides providing the result on the Result 
Bus, the ALU also provides four signals representing 
the status of the result. These signals, stored in the 
Status (W) register, represent carry, overflow, sign 
and zero condition of the result of the operation. 
The Zero condition is also used by the control cir- 
cuits during execution of the branch instructions. 
In addition to performing arithmetic or logic opera- 
tions, the ALU sometimes acts simply as a passage 
way to allow the contents of the various internal 
registers to be placed on the Result Bus so that they 
may be transferred to another register. For example, 
when the W register is stored in the Scratchpad, it 
first passes unaltered through the ALU on to the 
Result Bus, then into the Scratchpad register. 


The Accumulator 


The Accumulator is the principle register for data 
manipulations within the CPU. Using the ALU, the 
8-bit contents of the Accumulator may be comple- 
mented, incremented, or shifted left or right. Its 
contents may also be logically or arithmetically 
combined with the contents of the Scratchpad or 
memory locations, with the result replacing the 
original contents of the Accumulator. 


The Scratchpad And ISAR 


The Scratchpad consists of 64 8-bit RAM data 
registers (H’00° thru H’3F') which are available to 
the programmer for the high speed access and manip- 
ulation of data. For most control/logic replacement 
this will provide all the data storage required. 


All of the 64 Scratchpad registers are indirectiy 
accessable through the use of the 6-bit Scratchpad 
address register, ISAR. In this way, any scratchpad 
register may be loaded to/from or added to the 
accumulator (binary or BCD); logically ‘ANDED’ 
or exclusive OR’ED’ with the Accumulator; or 
decremented directly without disturbing the Accumu- 
lator. The contents of the least significant 3-bits of 
ISAR may be selectively auto-incremented, auto- 
decremented, or left unchanged {at the programmer’s 
option) whenever the Scratchpad is accessed using 
ISAR (see Figure 1). 


ISAR itself may be loaded either to/from the lower 
6-bits of the accumulator, or loaded in 3-bit halves 
using the ang byte immediate instructions LISU n 
and LISL.n. The ability to independentiy modify the 
upper and lower halves of ISAR plus the auto- 
increment/auto-decrement options, can be used 
very effectively by the programmer to minimize the 
size of his programs. 


FIGURE 1 — THE ISAR REGISTER 


5 4 3 2 1 0 — BITNO. 
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ISARH ISARL 


L INCREMENTED AND 
DECREMENTED 


NOT PNSERENESER 
OR DECREMENTED 


Additional saving may be further achieved by utilizing 
another key feature of the Scratchpad which permits 
the direct access of registers H’O’ through H’B'. 
These registers should be reserved by the programmer 
for those variables most frequently accessed. 


Scratchpad registers H’9’ through H’F’ (0 11’ through 
0'17') have special significance since they have 
linkages directly with the status word (W), the Data 
Counter (DC), Stack Register (P} and Program 
Counter (PO) as shown in the F8 Programming Model 
(Figure 7)._ These linkages are implemented using 
single byte F8 instructions such as: 


LRK,P 


which transfers the 16-bit contents of the Stack 
Register (P) into the ’K’ register pair (Scratchpad 
registers H’C’ and H’D’). The contents of the accumu- 
lator are undisturbed by the execution by these 
instructions. 


The Status Register 


The status register (also called the W register) holds 
five status flags as shown in figure 2. 


FIGURE 2 — THE STATUS REGISTER 
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SIGN 
CARRY 
ZERO 


OVERFLOW 


INTERAUPT MASTER 
ENABLE 


Note that status flags are selectively modified fol- 
lowing execution of different instructions. Table 4 
defines the way in which individual F8 instructions 
modify status flags. 


Sign (S BIT) 
When the results of an ALU operation are being 


interpreted as_a signed binary number, the high 
order bit (bit 7) represents the sign of the number. 
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At the conclusion of instructions that may modify 
the accumulator bit 7, the S bit is set to the com- 
plement of the accumulator bit 7. 


Carry (C BIT) 


The C bit may be visualized as an extension of an 
8-bit data unit, i.e., the ninth of a 9-bit data unit. 
When two bytes are added, and the sum is greater 
than 255, then the carry out of the high order bit 
appears in the C bit. Here are some examples: 


cC 76543210 —Bit Number 
Accumulator contents: 01100101 
Value added: 01110110 
Sum: © 11011011 
There is nocarry, so C is reset to 0. 
cC 76543210 —Bit Number 


Accumulator contents: 10011101 
Value added: 11010001 
Sum: 1 01101110 


There is a carry, so C is set 10 1. 
Zero (Z BIT) 


The Z bit is set whenever an arithmetic or logical 
operation generates a zero result. The Z bit is reset 
to O when an arithmetic or logical operation could 
have generated a zero result, but did not. 


Overflow {0 8/T) 


When the results of an ALU operation are being 
interpreted as a signed binary number, since the 
high order bit (bit 7) represents the sign of the 
number, some method must be provided for indi- 
cating carries out of the highest numeric bit {bit 6). 
This is done using the O bit. After arithmetic opera- 
tions, the O bit is set to the Exclusive-OR of 
carries out of bits 6 and bits 7. This simplifies signed 
binary arithmetic and is described in the Guide to 
Programming the Here are some examples: 


76543210—Bit Number 
10110011 
01110001 
y9ıooıoo 


Accumulator contenis: 
Value Added: 
Sum: 


There is a carry out of bit 6 and out of bit 7, so the O 
bit is reset t0 0 (1®1 = 0). The C bit isset to 1. 


76543210 -—-Bit Number 


Accumulator contents: 01100111 
Value Added: 00100100 
Sum: 10001011 

Rn no 


There is a carry out of bit 6, but no carry out of bit 
7; the O bit is set to 1 (1®0 = 1). The C bit is reset 
to. 0. 


Interrupts (ICB BIT) 


External logic can alter program execution sequence 
within the CPU by interrupting ongoing operations, 
however interrupts are allowed only when the ICB 
bit is set to 1. 


TABLE 1— SUMMARY OF STATUS BITS 


OVERFLOW = CARRY7®CARRYS 

ZERO = ALU7AALUg A ALUg N ALUg AALUZ A 
ALU2 A ALU A ALUg 

CARRY = CARRY7 

SIGN = ALU7 


External Reset 


When the EXT RES (External Reset) signal is pulled 
low and then returned high, the Program Counter 
(PO) is set to O, causing the program origined at 
memory location O to be executed. The Interrupt 
Control status bit is also set low, inhibiting interrupt 
acknowledgement. The system is locked in an idle 
state while EXT RES is held low. 


Timing Circuit 


The timing circuit generates all the timing signals 
for the entire microcomputer. The two primary 
timing signals are $ and WRITE. The Instruction 
Execution Sequence for each instruction is timed 
with these signals. The falling edge of WRITE marks 
the beginning of a new machine cycle, while ® is 
ey to time the length of the individual machine 
cycles. 


A machine cycle is either 4 or 6 ® periods long, with 
all instructions requiring between 1 and 5 machine 
cycles to complete their execution sequence. 


The Data Bus 


The Data Bus is used for transfering all address and 
data information between F8 System components. 
This includes Port Addresses, Memory Addresses, 
Read/ Write Memory Data, and Input/Output Port 
Data. Memory Address transfers are accomplished 
using two successive 8 bit transfers to complete the 
16-bit Memory Addres. The three conditions 
requiring Memory Address transfers are: 


1.When a three-byte instruction specifies a memory 
address in the second and third bytes. 

2.When data is being moved between DC or PO 
registers and associated scratchpad registers. 

3. During the interrupt acknowledge sequence, when 
the interrupt vector is Ioaded into PO. 


WO Ports 


The 16 address pins which most microprocessors 
require are used by the 3850 for two I/O ports. 
Data may be transferred, via these two I/O ports, 
between the 3850 CPU and logic external to the 
microprocessor system. 


While other FB devices provide additional I/O ports, 
the two I/O ports on the 3850 CPU execute data 
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transfers twice as fast, since they do not use the 
external Data Bus. 


Observe that the data path between the accumulator 
and the two CPU I/O ports is entirely within the 
3850 CPU chip. 


FIGURE 3 — MK 3850 CPU FUNCTIONAL DIAGRAM 
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INSTRUCTION EXECUTION SEQUENCGE 


All instructions are composed of long machine 
cycles (six ® periods) and/or short machine cycles 
(four ®& periods). The long cycle is sometimes referred 
to as 1.5 cycles. Figure 8 illustrates the short cycle 


rwis) and the long cycle (PWL). Observe that 
en E high appears at the end of each machine 
cycle. 


The simplest instructions of the FB instruction set 
execute in one short cycle while the most complex 
instruction (Pi) requires two short cycles plus three 
long cycles. Every instruction’s execution sequence 
ends with the next instruction OP code being fetched 
from memory. The OP code is loaded into the CPU’s 
instruction register where it is decoded by the CPU’s 
Control Unit. 


The only instructions which may be executed in a 
single cycle are those which do not require the use 
of the Data Bus. This permits the Data Bus to be used 
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to fetch the next instruction OP code simultaneously 
with the performance of the operation indicated 
by the current OP code. ROMC state O is used to 
specify the machine cycle during which a fetch is 
occurring, and therefore is used for all one cycle 
instructions. 


Other instructions require more than one cycle to 
execute and use different ROMC states to specify 
the operation to be performed during each of the 
required cycles. The last cycle of each instruction, 
however, will always be the ROMC state O in order 
that the next OP code may be fetched. 


The ROMC control signals are brought extemally 
to the CPU itself in order to coordinate those opera- 
tions which_affect the memory referencing registers 
located on F8 devices other than CPU. Among these 
registers are the Program Counter, Stack Register 
and Data Counter. Most of the ROMC control states 
indicate those operations involving the contents of 
these registers, as shown in Table 2. 


There are four different devices in the F8 Micro- 
processor family which contain the set of previousiy 
mentioned system registers (Program Counter, Stack 
Register, and Data Counter). These are the MK3853 
SMI, MK3852 DMI, MK3851 PSU, and MK3871 
PIO. Every F8 microprocessor system must contain 
at least one of these devices in addition to the 
MK3850 CPU. For those systems incorporating more 
than one of these devices, the resultant duplication 
of the Program Counter, Stack Register, and Data 
Counter is completely transparent to the user. This 
is accomplished since each device in the system re- 
ceives the ROMC signals from the CPU and thus 
remains synchronized with all other devices. 


INTERRUPTS 


The Interrupt service sequence is initiated as the 
result of some other FB device pulling the interrupt 
request (INT REO) input to the CPU to Vss. The 
interrupt service sequence begins during the last 
machine cycle of the first non-priviledged instruction 
to be executed after the interrupt request occurs. 
This is accomplished by modifying the ROMC state 
of the last machine cycle {which normally must be 
state O for the next OP code fetch) from state O to 
state 10 (Hex). Those instructions whose last machine 
cycle (ROMC state 0) is protected from being pre- 
empted by an interrupt A (and hence modified 
to ROMC state 10) are called PRIVILEGED instruc- 
tions. These instructions are distinguished by the 
dresence of an 'X’ in the ’Interrupt’ column of the 
nstruction summary table (Table 4). The remainder 
of the interrupt service sequence requires three long 
and one short machine cycles as specified in Table 4. 


FIGURE 4 — FB I/O PORT BIT 
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During this time, the high and low bytes of the 
Vector address from the interrupting device are 
transferred (via the Data Bus) into the Program 
Counter(s) and the Interrupt Control Bit (Bit 4 
of the Status Register) is cleared to zero. 


The response time for acknowledging an interrupt 
request can vary from 26 to 29 ® periods if it is 
assumed that the CPU is executing a sequence of 
short cycle, non-privileged instructions during the 
time the interrupt request occurs (the minimum $ 
period is 500 nS). The response time is defined as 
the duration from the 1-0 transition of INT REO/ to 
the beginning of the execution sequence of the 
instruction stored at the Vector Address location 
in memory. 


INPUT/OUTPUT INTERFACING 


As illustrated in Figure 4, each I/O port pin is a 
"wire-AND structure between an internal latch and 
any external signal. The latch is always loaded di- 
rectky from the accumulator. 


Each F8 I/O pin may be set high or low, under 
program control. If a 1 (high) is presented at the 
latch, then gate (b) will turn on and gate (a) will 
turn off, so that P will be at Vss (low). If a O (low) 
is presented at the latch, then 'gate (a) will turn on 
nen (b) will turn off, so that P will be at VDD 


(hig 


When outputting data through an I/O port, the pin 
can be connected directly to a TTL gate input (TTL 
Device Input” in Figure 4). 


TTL DEVICE OUTPUT 
(OPEN-COLLECTOR) 
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Data is input to the pin from a "TTL Device Output” 
in Figure 4. 


In normal operation, high or low levels at P drive the 
external TTL device input transistor (d). If a low level 
is set at P, transistor (d) conducts current through 
the path J, I, P, and FET (b). This is a low level to 
the TTL device. If the level at is set high, transistor 
(d) does not conduct. This is a high level to the TTL 
device. 


When data is input to the I/O pin, high or low levels 
at O drive the hysteresis circuit in the port, and 
result in logic 1’s or O’s being transferred to the 
accumulator, 


A port input should only be driven by devices which 
are incapable of sourcing more than 2 mA _ when 
pulled to vs; Ideally only open collector T2L or 
open drain OS logic devices should be used to 
drive an I/O Port bit. This will prevent damage to 
the I/O Port output buffers should they be pulling 
to VSS while the external device is holding the port 
bit to a high level through an excessively low imped- 
ance. This condition can not be avoided with soft- 
ware since the damage may occur when a port bit 
"Powers Up‘ toa Vss level. 


Since the I/O pin and the TTL device output at O 
are wire-ANDed, it is possible for the state of one 
to affect the transfer of data out from the I/O pin 
or in from the TTL device output. For example, if 
the latch in the I/O port is set so that the pin is 
clamped low by (b), then the level at O cannot pull 
P high. Conversely, if P is clamped to a low level by 
(c), setting the latch for a high level has no effect. 


It can be seen, then, that all I/O port bits should be 
set for a high level, before data input, to prevent 
incoming logic O’s from being "masked’” by logic 
1’s present at the port from previous outputs. 


(Note: Logic 1 becomes a OV electrical level at the 
1/O pin; likewise logic O corresponds to a high electri- 
cal level) 


There are two types of programmed I/O operations 
that the F8 CPU may execute: 


1. 1/O via the two CPU ports {0 and 1), 
2. 1/O via ports on the other devices. 


l/O operations that use the two CPU I/O ports ex- 
ecute in two instruction cycles. During the first 
cycle, the fetched instruction is decoded and data 
is either sent from the accumulator to the I/O latch 
or enabled from the I/O pin to the accumulator 
depending on whether the instruction is an output 
or an input. At the falling edge of WRITE (marking 
the end of the first cycle and beginning of the second 
cycle) the data is strobed into either the latch (OUTS) 
or the accumulator (INS) respectively. The second 
cycle is then used by the CPU for its next instruction 
fetch. Figure 9 indicates I/O timing. 


Observe that for the data input (INS) the set-up 
and hold times specified are with respect to the 
WRITE pulse occurring at the end of the first cycle 
in the two cycle instruction. For output data (OUTS) 
the delay is specified with respect to the falling edge 


of WRITE marking the beginning of the second 
cycle in the two cycle instruction. 


1/O instructions that address I/O ports with an 1/O 
port address greater that H ’OF’ occupy two bytes; 
the first byte specifies an IN or OUT instruction, 
while the second byte provides the I/O port address. 
Required timing at I/O port pins is given in the 
section of this manual that describes the device 
which contains the addressed I/O port. 


CLOCK CIRCUITS 


A unique feature of the F8 CPU is that clock logic 
is an integral part of the 3850 CPU chip. 


The 3850 CPU offers two alternate ways of gener- 
ating a system clock; these are Crystal mode and 
External mode. 


Crystal Mode 


Figure 5 shows the pin configuration for clock 
generation using the crystal mode. A crystal in the 
1 to 2 MHz range is placed across the XTLX and 
XTLY pins, along with two capacitors (C1 and C2), 
to provide a highly precise clock frequency. e 
external crystal (and capacitors), together with 
internal circuitry, combine to form a parallel resonant 
erystal oscillator. Ci and C> capacitors should be 
approximately 15 pF. The characteristics of the 
erystal used in this mode of clock generation can 
be summarized as follows: 


Frequency: 1t0 2 MHz, typical AT cut 
Mode of Oscillation: Fundamental 

Operating Temperature Range: O°C to +70°C 
Drive Level: 10 mW 
Frequency Tolerance: fo= 1or2 MHz 


+ 1000 ppm @ CL=20pF 


FIGURE 5 — CRYSTAL CONTROLLED CLOCK 


External Mode 


For F8 applications where synchronization with an 
external system clock is desired, the external clock 
mode may be used as shown in Figure 6. For exam- 
ple, a slave 3850 CPU may receive its timing from a 
master 3850 CPU, by having the master P output 
drive the slave XTLY input. 
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FIGURE 6 — EXTERNAL CLOCK 
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Figure 8 illustrates the AC characteristics of the 
clock signal needed for external mode clock genera- 
tion, plus the AC characteristics of the ® and WRITE 
signals generated by the CPU. 


INSTRUCTION SET SUMMARY 


The instruction set is summarized in Table 4. This 
table and the accompanying text explains the control 
signals and timing associated with the execution of 
every instruction. 


The columns in Table 4 should be interpreted as 
follows: 


OP CODE 


This is the instruction mnemonic which appears in 
the mnemonic field of an assernbly language instruc: 
tion, and identifies the instruction. 


OPERANDIS) 


If the instruction contains any information in the 
operand field of the assembly language source code, 
the information is shown in this column. Arrows 
identify the portion of object code which represent 
the operand field. Any portion of object code that 
does not represent the operand field must represent 
the mnemonic field. Table 3 explains symbology 
used in the operand field. 


OBJECT CODE 


This is the hexadecimal representation of the instruc- 
tion’s object code. The first byte of object code, or 
in some cases the first hexadecimal digit of object 
code, represents the Op Code. The operand is repre- 
sented by the second and third bytes of object code, 
if present, or in some cases by the second hexa- 
decimal digit of the first object code byte. Table 3 
explains symbology used in the object code field. 


CYCLE 


This column identifies each instruction cycle for 
every instruction. Every cycle is listed on a separate 
horizontal line, and is identified by the letter S for 
a short (4 clock period) cycle, or the letter L for 


a long (6 clock period) cycle. Thus the entry: 
Ss 


represents an instruction that executes in one short 
cycle. The entry: 


S 
L 
Ss 


represents an instruction that executes in three 
cycles; the first is a short cycle, the second is a long 
cycle, the third is a short cycle. 


ROMC STATE 


This is the state, as identified in Table2 which is 
output by the 3850 CPU in the early stages of the 
instruction cycle. 


TIMING 


Timing for all instructions, except INS and OUTS 
accessing I/O ports O and 1, can be created out of 
Figures 12, 13 & 14. For the exceptions, Figure 9 is 
required. The ROMC lines are always set after a delay 
of td3, as shown in Figure 12. The only timing 
variations for each instruction cycle are data bus 
timing variations. Therefore data bus timing is 
defined using the defays tdb+ through tdbeg. With 
the exception of tdb3, these time delays are unam- 
biguous, in that they are keyed to either the leading 
edge, or to the trailing edge of WRITE high, for 
either a long instruction cycle, or for a short in- 
struction cycle, as illustrated in Figure 14. There are 
two cases for tdb3, however, as illustrated in 
Figures 12 and 13; these are identified in Table 4 
as 35 for Figure 12, and 3L for Figure 13. Delays 
tdbi through tdgg are identified by the numbers 
1 through 6. 


Cycles that do not use the data bus are identified 
by O in the timing column; Figure 10 illustrates 
timing in this case. In summary: 


O0 _represents Figure 10 

1 represents tdb1 in Figure 14 
2 _ represents tdb2 in Figure 14 
35  represents tdb3 in Figure 12 
3L  represents tdb3 in Figure 13 
4 _ represents tdb4 in Figure 14 
5 _ represents tdbs in Figure 14 
6 represents tdbg in Figure 14 


STATUS FLAGS 
Status flags are identified as follows: 


0 — Overflow 


Z - Zero 
C —- Carry 
S - Sign 


Within each column, symbology is used as follows: 


— Status not effected 

0 StatussettoO 

/O Status set to either 1 or 0, depending on the 
results of the instruction’s execution 
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INTERRUPT 


An x in this column identifies an instruction that 
disallows interrupts at the end of the instruction’s 
execution. A y identifies cycles in which the ICB 
bit is reset to O (cleared). 


TABLE 2 — ROMC CONTROL STATES 
OPERATION PERFORMED 


ROMC (Hexadecimal) 


FUNCTION 


The effect of each instruction cycle is described in 
this column using symbology given in Table 3. 


Observe that instructions are described in Table 4 


in order of ascending instruction (first byte) object 
code. 


COMMENT 


00 DB + ((PO)) ;PO=PO +1 
01 DB + ((PO)) ;PO=PO +DB 
02 DB + ((DC)); DC«-DC+H1 
03 DB «-((PO}) ; PO=PO+1 
04 PO «-P 
05 (DC) «DB ; DC+-DCH1 
06 DB+DCU 
07 DB+-Puy 
08 P=PO ;DB=H’00'; POL, POH*=-DB 
09 DB «DCL 
0A DC +DC+DB 
0B DB+PL 
0C DB +((PO)) ; DCL+-DB 
0D P+PO+1 
OE DB «-{(PO)) ; DCL+DB 
OF P=PO ;DB+IAL ;POL=DB 
10 FREEZE INTERRUPT STATUS 
11 DB +((PO)) ; DCU=-DB 
12 POL=-DB ; P=PO 
13 DB+-IAU;POU=-DB 
14 POU=-DB 
15 PU=-DB 
16 DCU«-DB 
17 POL=-DB 
18 PL+DB 
19 DCL+-DB 
1A ({pp)) DB or ({p})-DB 
1B DB+-(Ppp)) or DB«{(p)) 
1C NO OPERATION 
1D DC ze0C1 
1E DB+POL 
DB +POU 
Definitions DB - Data Bus IA - 
PO - Program Counter L - 
DC - Data Counter U - 
P _- Stack Register 0 - 
pp Two hex digits (long I/O port address) + 
p One hex digit (short I/O port address) 2 
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OP CODE, FETCH 
BRANCH OFFSET FETCH 


IMMEDIATE OPERAND FETCH 


MK3851 :DC=DC+1 ONLY 


EXTERNAL RESET 


LOWER BYTE OF ADDRESS VECTOR 
PREVENT ADDRESS VECTOR CONFLICTS 


UPPER BYTE OF ADDRESS VECTOR 


MK3851 : NO OPERATION 


Interrupt address vector 
Lower byte suffix 
Upper byte suffix 
Contents of 


- transfer to 
- exchange 


TABLE 3 — SYMBOLOGY USED IN TABLES 2 and 4 


SYMBOL 


aorH’a’ 
aa or H’aa’ 


bb or H’bb’ 
Binary 

c 

DB 

DC 

DCL 
DCU 
DC1 
Decimal 
eorO'e’ 
H 

ii or H’ii’ 


IS 

ISL 

ISU 

J 

ii or Hij’ 
K 

KL 

KU 

[6] 
porH'’p’ 
pp or H'pp’ 
PO 

POL 

POU 

p 

PL 

PU 

Q 

AL 

QU 

ror H’r' 


INTERPRETATION 


Contents of 
The Accumulator contents. 
A single hexadecimal digit being interpreted as data. 


Two hexadecimal digits being interpreted as a single byte of data, or as the high order byte of 
16 bits of data. 


Two hexadecimal digits being interpreted as the low order byte of 16 bits of data. 
Binary arithmetic specified. 

The carry status flag. 

F8 System Data Bus. 

The primary data counter register. 

The low order byte of the primary data counter register. 
The high order byte of the primary data counter register. 
The auxiliary data counter register. 

Decimal arithmetic specified. 

A single octal digit being interpreted as data. 

Scratchpad registers H’a’ and H’b’ contents. 


Two hexadecimal digits being interpreted as the high order byte of a 16-bit address, or as a simple 
byte address displacement. 


The six-bit scratchpad address register. 
The low order three bits of ISAR. 
The high order three bits of ISAR. 
Scratchpad register H’9’ contents. 
Two hexadecimal digits being interpreted as the low order byte of a 16-bit address. 
Scratchpad registers H’c’ and H’d’ contents. 
Scratchpad register H’d’ content. 
Scratchpad register H’c’ contents. 
The overflow status flag. 
A single hexadecimal digit being interpreted as an I/O port address (short). 
Two hexadecimal digits being interpreted as an I/O port address (long). 
The program counter contents. 
The low order byte of the program counter 
The high order byte of the program counter 
The stack register contents. 
The low order byte of the stack register 
The high order byte of the stack register 
Scratchpad registers H’e’ and H’f’ 
Scratchpad register H’f’ 
Scratchpad register H’e’ 
Single hexadecimal digit interpreted as scratchpad address: 
r = O through B for locations O through B in scratchpad. 
r=C or IS as address source with no change after access. 
r=D for IS as address source with ISL = ISL + 1 after access. 
r=E for IS as address source with ISL = ISL-1 after access. 
r=F isnot allowed, 
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SYMBOLOGY USED IN TABLES 2 and 4 (continued) 


SYMBOL INTERPRETATION 

S The sign status flag. 

t A single hexadecimal digit identifying a status condition which will be tested by a 
"Branch on Condition” instruction. 

Ww The status register. 

v4 The zero status flag. 
The logical OR of 8-bit quantities on each Side of this symbol is specified. 

® The logical Exclusive-OR of 8-bit quantities on each side of this symbol is specified. 
The value to the right of this symbol is to be loaded into the location specified on the 
left of this symbol. 

0) The contents of the location within the brackets is specified. 

() The contents of the memory word addressed by the contents of the location within the 
double brackets is specified. 

+ The binary address of 8-bit quantities on each side of this symbol is specified. 

.— Transfer to 

Pr Exchange 


TABLE 4 — INSTRUCTIONS’ EXECUTION AND TIMING 


STATUS 
OPERANDIS) CODE CYCLE STATE TIMING FLAGS INTERRUPT 
? 00 35 


FUNCTION 


ISAR «+ (A} 
P (PO) 

POL +(r13) 
POU «-(r12) 


Ss 0 A+(r12) 
01 Ss 0 35 A + (r13) 
02 S 0 35 A+ (r14) 
LR S 0 A (r15) 
LR S 0 r12 + (A) 
LR S 0 r13 + (A) 
UR S 0 r14 - (A) 
LR Ss 0 r15 + (A) 
LR L 7 r12+(PU) 
L B r13 (PL) 
S 0 
LR L 15 PU «+ (r12) 
L 18 PL +(r13) 
Ss 0 
LR S 0 A+(ISAR) 
LR S 0 
L 2 


PK 


_ 


POL +-(r15) 
POU + (r14) 


aurror 


540 


TABLE 4 — INSTRUCTIONS’ EXECUTION AND TIMING (continued) 


AROMC STATUS 
CYCLE STATE TIMING FLAGS INTERRUP FUNCTION 
5 


OBJECT 
OPERANDIS) CODE 
Q,DC 0E 


vearreorreorrüörr 


Ss 
S 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
L 
S 
L 
Ss 
L 
Ss 
L 
Ss 
L 
Ss 


owowvowowowWwooo 090209000 


r14 + (DCU) 
5 r15 +(DCL) 


DCU «+ (R14) 
DCL + (R15) 


DCU + (R10) 
DCL + (R11) 


r10+(DCU) 
r11+ (DCL) 


BBunnäönnünn 


Shift (A} right one bit 
position (zero fill) 
Shift (A) left one bit 
position (zero fill) 
Shift (A} right four bit 
positions (zero fill) 
Shift (A) left four bit 
positions (zero fill) 
A«+t(DC)) 


(DC) = (A) 
A+=-(AAH'FF' 
Complement 
accumulator 
A-(A)+(C 
Clear ICB. 

Set ICB 

PO + {P) 
W+(r9) 

r9 + (W) 
A=-{A)+1 
A+H'aa’ 
As(A)A H'aa’ 
A+(A)vH’aa’ 


A+=-(A)DH'aa’ 


ıoIlo|Il ol 


A+(A)+H’aa’ 


SZ 
S 


8253828280858 08 oBo8o0f 
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TABLE 4 — INSTRUCTIONS’ EXECUTION AND TIMING (continued) 


STATUS 
OPERANDIS) OBJECT CYCLE ROMC TIMING FLAGS INTERRUPT| FUNCTION 
oe ee [0 Tz Je Is] 
a 25 L 3 4 


Perform H’aa’ + (A) 

+ 1. Do not save result, 
but modify status flags 
to reflect result. 

DB +-PP; PO«-PO+1 
A+(V/O Port PP) 


_ 


DB + pp 
NO Port PP « (A) 


_ 


A+H'j 

P (PO) + 1 
POL +H'jj‘ 
POU +-(A) 


_ 


A+Hiii’ 
POL +-H’jj’ 
POU + (A) 


- 


- 


DCU «ii 
{increment PO) 
DCL+jj 
{increment PO} 


PO«-(PO) +1 
DCOSDC} 


3 
B 
) 
3 
A 
0 
3 
D 
c 
4 
0 
3 
c 
4 
0 
1 
3 
E 
3 
0 
0 
1D 
0 
0 


ren owreoer0OrrrerrererreArr 
oe _ww 7} 
Bros dononfd-noß-noonad-ndBon 


r + (r) + H'FF’ Decre- 
ment scratchpad byte 
A-lr) 

r+- (A) 

ISARU + O’e’ 

ISARL + 0’e’ 
A+H'0a’ 

Test eAW. register 
Res=0soPO=(PO) +2 


ssuonwuwvwwua 
_ 


onooo0o00 
oo5h8558% 


Teste A W. register 
Res # 0 so PO = (PO) 
+Hii’ +1 


noß 


8 


A+(A) +((DCY 
Binary, DC +(DC) + 1 


»8 


A +(A)+((DC)) 
Decimal; DC +-(DC) +1 
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TABLE 4 — INSTRUCTIONS’ EXECUTION AND TIMING (continued) 


STATUS 
IMIN INTERRUP FUNCTION 
Pen I en En ne [IE renne 
BA 


A+=(A)A (DO); 
DC + (DC) + 1 

A+tA) V (DO), 
DC + (DC) + 1 
A+-(A)® (DON; 
DC + (DC) +1 

Set status flags on basis 
of (DC) + (A) +1; 
DC + (DC) +1 
DC+-I(DC) + A 


ODONONON 
Baba 


L 
S 
L 
S 
L 
Ss 
L 
Ss 


PO+-(PO) +2 
because (ISARL) = 7 
PO+-(PO) + H'ii’ + 1 
because (ISARL) #7 
TesttAW. register 
Res # 0 so PO = (PO) 
+ Hi’ +1 

Testt A W. register 
Res # O so PO = (PO) 
+2 

A + (WO Port O or 1) 


_ _ 
ooo>o wo >00-0w0D> 


AO, Al 


DB + Port address (2 
through 15) 

A * (Port 2 through 15) 
V/O Port Oor 1+ (A) 


A2 
through 
AF 

B0, Bi 


DB + Port address (2 
through 15) 

Port (2 through 15) + 
(A) 

A «+ (A) + {r) Binary 
A+ (A) + (r) Decimal 


B2 
through 
BF 


sr rwvvvorrwovowWwvoVvwoarvv0orvvor 


A-A)® In 
A+-(A)Afr) 

IDLE 

POL + Int. address 
(lower byte); PCI+PO 
POU +- Int. address 
(upper byte) 


no8ßddob B-08oB8noB8ohoodnoßdndoB- 


mnwwwoo 


L 2 


IDLE 
P+-PO, PO+0 


8-08 
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PROGRAMMING MODEL 


Figure 7 shows a Programming Model of the FB 
Microcomputer system. This diagram is intended to 
depict the various data transfers and manipulations 
which are facilitated by the instruction set of the 
F8. Every F8 system configuration will contain 
the basic functional elements shown in this diagram, 


FIGURE 7 — F8 PROGRAMMING MODEL 


with the exception of the Auxiliary Data Counter 
(DC1). The Auxiliary Data Counter is available 
only in those systems incorporating the MK3852 
Dynamic Memory Interface, the MK3853 Static 
Memory Interface, or the MK3B70 single chip 
F8 Microcomputer. 


ADC 
Fe STATUS KK 
E OUTSP, OUT PP 
[ı Jolz]e]r) w 
LISL 
(PO) ı [Is] OUTS P, OUT pp 10 
LIsU R Ins" P. ın» pp | PORTS 
AS 128) 
SCRATCHPAD NS 
AEGISTERS xs 
AUSDATA CEREEEREEE ASD auı* 
COUNTER H——— Ni 
a — x 
— un | Jaccumuraron 
(ro) EI DERER 6 GaHREEET W: tee eu EEE are ecı 
DATA COUNTER r—Hn—, HH coM, * Ri rs 
PITPKISTAcK REG | ir (PL K—, FusızH Ds" Dr E 
Fa —— ’ sta 
srı 
SR4 
Am | 
us amo| 
PROGRAM nm 
(Po) COUNTER DM 
xM 
INT. VECTOR CM“ 
INTERRUPT 
LM 
pc 
"THESE INSTRUCTIONS SET STATUS 
H’0000° NOTE: The instructions Pi and PK are 
shown in two sequential parts 
(eıl, Pı2 and PKT, PK2). 
ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired) 
VEGA ee rn Bee en ee ee +15V to —0.3V 
MODE are ee ge ante Sees +7V to —0.3V 
ACHAXTEX, and XTEV ae net ann +15V to —0.3V (RC with 5KS? series resistor) 
Allisther.inpüutstun. anne ee He ah un are dal Eee we nee +7V to —0.3V 
Storage:temperäture . nn ve ee een -55°C to +150°C 
Operating temperature .... cc ce eeeeenere nennen rennen 0°C to +70°C 


NOTE: All voltages with respect to VS$. 
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SUPPLY CURRENTS 


TYP. TEST CONDITIONS 


30 


MAX. 


SYMBOL | PARAMETER 


f= 2 MHz, Outputs 
unloaded f- 2 MHz 


Outputs unloaded 


Vo Current 


TABLE 5 - AC CHARACTERISTICS 
(Vss = OV, VDD = +5V # 5%, VGG = +12V + 5%, Ta = 0°C 10 +70°C 


TEST CONDITIONS 


External Input Period 
External Pulse Width 
Ext. to ® - to — Delay 
Ext. to ® + to + Delay 
® Period 
® Pulse Width 

® to WRITE + Delay 
® to WRITE — Delay 


WRITE Pulse Width 


tr, 1 S 30.nS 


0 


tr, tg = 50.nS; CL> 100 pF 
CL = 100 pF 
CL = 100 pF 


tr, tg = 50nS typ; CL = 100 pF 


Pws WRITE Period; Short 

PWL WRITE Period; Long 

1d3 WRITE to ROMC Delay CL = 100 pF 
td4* WRITE to ICB Delay CL=50pF 
tds WRITE to INT REO - Delay CL = 100 pF 
td WRITE to INT REO + Delay CL = 100 pF 


EXT RES set-up time 
1/O set-up time 
1/O hold time 

1/O Output Delay 


CL=20pF 


tibo” WRITE to data bus High Impedance 
tdbı* WRITE to Data Bus Stable CL = 100 pF 
WRITE to Data Bus Stable CL = 100 pF 


Data Bus Set-up 
Data Bus Set-up 
Data Bus Set-up 
Data Bus Set-up 


“The parameters which are starred in the table above represent those which are most frequently of importance when inter- 
facing to an F8 system. These encompass I/O timing, external timing generation and possible external RAM timing. The 
remaining parameters are typically those that are only relevant between F8 chips and not normally of concern to the user. 


Input and output capacitance is 3 to 5 pF typical on all pins except VDD, VGG. and Vss. 
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TABLE 6 — DC CHARACTERISTICS 
(Vss = 0V, VDD = +5V + 5%; VGG = +12V + 5%) 


SIGNAL 


&, WRITE VOH 
VoL 
VOH 


XTLY 


ROMCO 


ROMC4 


DBO 


DB7 


1/00 


Vo 17 


EXT RES 


INT REG 


an a Tom 


SYMBOL PARAMETER 


Output High Voltage 
Output Low Voltage 


Output High Voltage 


VIH Input High Voltage 
VIL Input Low Voltage 
NH Input High Current 
IL Input Low Current 
VOH Output High Voltage 
VoL Output Low Voltage 


Input High Voltage 


Input Low Voltage 
Output High Voltage 
Output Low Voltage 
Input High Current 


Input Low Current 


Output High Voltage 


Output High Voltage 
Output Low Voltage 


Input High Voltage (1} 
Input Low Voltage 


Leakage Current 


Input Low Current 


VIH Input High Voltage 3.5 > Volts 
VIL Input Low Voltage Vss Volts 
HL Input Low Current ; -10 

VIH Input High Voltage 3.5 en Volts 
VIL Input Low Voltage Vss5 Volts 
IL Input Low Current -1.0 

VOH Output High Voltage 3.9 sr Volts 
VoL Output Low Voltage Vss Volts 


TEST CONDITIONS 


IOH =-10u A 
IOL =1.6mA 
IOH = -100 u A 


VIn=VpDD 
Vin =Vss 


IoH = -100 u A 
loL = 1.6 mA 


IoH = -100 u. A 

lIoL = 1.6mA 

Vın = 7V 3-State mode 
Vın = Vss, 3-State mode 


IoH = -30 4 A 
IoH = -100 4 A 
IoL = 1.6mA 


Internal pull-up to VDD 


Vın=VDD 

Vın = 0.4V (2) 

Internal pull-up to VDD 
VıIn = Vss 

Internal pull-up to VDD 
Vin = Vss 


IQOH = -100 pH. A 
Io. =100u A 


(1)  Hysteresis input circuit provides additional 0.3V noise immunity while internal pull-up provides TTL compatability. 


(2) Measured while FB port is outputting a high level. 


NOTE: Positive current is defined as conventional current flowing into the pin referenced. 
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FIGURE 8 — TIMING SIGNAL SPECIFICATIONS 


KT a en 
EU u EI EI EU EZ NE TEE ER 
ze x 
ae Fr vr 


ae 


Parameters are described in Table 5 


FIGURE 9 — TIMING FOR DATA INPUT OR OUTPUT AT 1/O PORT PINS 


4 


I 
| ' Il 
| u —k—n 


vo DATA MAY CHANGE x srase X DATA MAY CHANGE 


Gr En: Ä 


v/o (2) DATA FROM OLD OUTS “ NEW DATA 


(1) This represents the timing for data at the I/O pin during the execution of the INS instruction, i.e., the 
CPU is inputting. 
(2) This represents the timing for data being output by the CPU at the I/O pin. 


Symbols are defined in Table 5 
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FIGURE 10 — ROMC SIGNALS OUTPUT BY 3850 CPU 


LONG CYCLE 


STABLE 


Symbols are defined in Table 5 


FIGURE 11 — INTERRUPT SIGNALS TIMING 


(1) ICB will go from a 1 to a O following the execution of the EI instruction and will go from a 0 to 1 
following either the execution of the DI instruction or the CPU’s acknowledgement of an interrupt. 


{2} This is an input ot the CPU chip and is generated by a PSU or 3853 MI chip. The open drain out- 
puts of these chips are all wire "ANDed” together on this line with the pull-up being located on the 
CPU chip. For a0 to 1 transition the delay is measured to 2.0V. 


Symbols are defined in Table 5 
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FIGURE 12 — ASHORT CYCLE INSTRUCTION FETCH 


| 
ROMC | x TRUE ROMC STATE 0 | ! 
Me—tdz | 
DATA E 
BUS | X OP CODE FOR NEXT INSTRUCTION 
| 


I 

| ONE CYCLE OF ASINGLE CYCLE | NEXT 

| INSTRUCTION, OR LASTCYCLE OF A | INSTRUCTION 
MULTICYCLE INSTRUCTION 


Symbols are defined in Table 5 


FIGURE 13 — ALONG CYCLE INSTRUCTION FETCH (DURING DS ONLY) 


meer ne 5 0 0 GI 
: —— —+ 


ROMC | TRUE ROMC STATE O | 
| z ” j 


OP CODE FOR NEXT 


| 

| ONE CYCLE OF THE SINGLE, LONG | INSTRUCTION 

| CYCLE DS INSTRUCTION I 

| (DECREMENT SCRATCHPAD) NEXT 
INSTRUCTION 


Symbols are defined in Table 5 
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FIGURE 14 — MEMORY REFERENCE TIMING 


{WRITE) 2 ee \SERENENEEFEENEFEN mean: ERBEN Aue 85 


DATA BUS (1) 


tdbo——| {HIGH IMPEDANCE) 


DATA BUS (1) 


| dba | | STABLE | 


DATA BUS I STABLE 
— N tg 


DATA BUS X DATA STABLE 
DATA BUS x DATA STABLE 
—— tdbg e— 


1. Timing for CPU outputting data onto the data bus. 
Delay tdbı is the delay when data is coming from the accumulator. 
Delay tdb2 is the delay when data is coming from the scratchpad (or from a memory device). 
Delay tdbog is the delay for the CPU to stop driving the data bus. 


2. There are four possible cases when imputting data to the CPU, via the data bus lines: they depend on the data path and 
the destination in the CPU, as follows: 


tdb3; Destination — IR (instruction Fetch) — See Figure 2-10 for details. 
tdb4; Destination — Accumulator (with ALU operation — AM) 
tdbs; Destination — Scratchpad {LR K,P etc.) 
tdbe; Destination — Accumulator (no ALU operation — LM) 
In each case a stable data hold time of 50 nS from the WRITE reference point is required. 


Symbols are defined in Table 5 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired) 


VGG 4.20 nr le ER en ee +15V to —0.3V 
VD a ee ernennen +7V to —0.3V 
RC, XTLX, and XTLY.....2 2220er ennnnenn +15V to —0.3V (RC with 5K2 series resistor) 
All:öther.inpüts., ar en er a Bi ner ehe Bree lereredirn +7V to —0.3V 
Storage. ternperäture ... une vos a ee neese nh  Rreeueeee 55°C to +150°C 
Operating temperature .... 22 u2 sense eneennenereeseneteteeneeereeenee nennen 0°C to +70°C 


NOTE: All voltages with respect to VSS. 


SUPPLY CURRENTS (MK3850N-3, MK3850P-3) 
TEST CONDITIONS 


mA f=2 Mhz, 
Outputs unloaded 
m | Outputs unloaded 


SYMBOL PARAMETER A TEST CONDITIONS 


Vo Current f = 2 MHz, Outputs 
unloaded 
16 | VGG Current Outputs unloaded 


SYMBOL PARAMETER ö TEST CONDITIONS 


Vpo Current f = 2 MHz, Outputs 
unloaded 


VG Current Outputs unloaded 


maesons | ene | gee —  | | 
| meassop a | come | oc | | 
were 

o 
Br 
ieiesk 


MK3850P-13 40°C to +85°C 
MK3850P-23 | Ceramic | 55°C to +125°C 
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PACKAGE DESCRIPTION — 40-Pin Dual-In-Line Ceramic Package 


NR: ‚623 

ale 2025 
Symbolizstion Ares for ‚010 
[_ 10015] 2.001 


D32R 
Max 
Identification of Pin 1 
023 TYP 
er ti” 
[_Iooe] 


a u 


2DOO REF. 


PACKAGE DESCRIPTION — 40-Pin Dual-in-Line Plastic Package 


073 REF 


SONO! 


wo’ 003 seryP. r- — FR, 030 NOM 
Er a 
4 + U 
4 
020 NOM 


I Ina heg TEL 2 een 


552 


The CDP1802 microprocessor is an 8-bit silicon- 
gate CMOS device for use as a general-purpose 
computing or control element. 


Features: 

a 8-bit parallel bidirectional data bus 

w16.x-16-bit matrix of registers for easy programming 

= DC to 6.4-MHz clock (single phase) @ 25°C 

u Fast 2.5- or 3.75-us instruction time @ 25°C 

w91 basic instructions, 255 operation codes 

w Minimal power-supply requirements — low current drain, 
single-supply, wide voltage range 

= Split-power-supply option that allows for 10 V on internal 
parts of CPU and 5 V on interfacing lines 

s Optional on-chip crystal-controlled oscillator 

ı Memory addressing to 65K bytes 

m Adaptability to any combination of standard RAM, ROM, 
or PROM memories 

m Maskable interrupt and 4 testable external flag lines 

w On-chip DMA controls 

sw Simple RESET, LOAD, PAUSE, and RUN controls 

ı Programmable serial output (Q) 


CDP1800 Series ICs are available in two performance 
selections: 


A type without a “°C” suffix is the high-performance device. 
For example, the CDP1802 has: 

w 4 V to 10.5 V operating voltage range 

m 2.5- or 3.75-us instruction time @ 25°C 

s 100-mW power dissipation (typical operating conditions) 
m 6.4-MHz maximum clock input frequency at 10 V @25°C 


Atype with a “‘C” suffix, for example, the CDP1802C has: 
w 4 V 10 6.5 V recommended operating voltage range 

= 5. or 7.5-us instruction time @ 25°C 

s 10-mW power dissipation (typical operating conditions) 
= 3.2-MHz maximum clock input frequency at 5 V @25°C 


The Unique COSMAC Architecture 

The COSMAC architecture is shown at the top of the next 
page. The principal feature of this systen is a register matrix 
consisting of sixteen 16-bit scratchpad registers. Individual 
registers in the array (R) are designated or selected by the 
4-bit binary code from one of the designators P, X, or N. 
The contents of any register can be directed to any one of 
the following three paths: 


l. to the external memory (multiplexed, higher-order 
byte first, on to 8 memory address lines); 

2. to the accumulator (either of the two bytes can be 
gated to it); 

3. to the increment/decrement circuit where it is in- 
creased or decreased by one and stored back in the 
selected 16-bit register. 


The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 


How It Works 


The registers in R can be used by. a programmer in three 
different ways: as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 


Program Counters — Any register can be used as the main 
program counter; the number of the selected register is 
held in the P designator. Other registers in R can be used as 
subroutine program counters. By a single instruction, the 
contents of the P register can be changed to effect a “call” 
to a subroutine. When interrupts are being serviced, 
register R(1) is used as the program counter for the inter- 
rupt servicing routine, and at startup R(O) is the program 
counter. At other times, the register designated as program 
counter is at the discretion of the user. 
Data Pointers — The registers in R may be used as data 
pointers to indicate a location in memory. The register 
designated by X (i.e., R(X)) points to memory for the 
following instructions (see the Instructiion Summary on 
pages 46-47): 

1. ALU operations F1-F5, F7, 74, 75, 77; 

2. output instructions 61 through 67; 

3. input instructions 69 through 6F; 

4. certain miscellaneous instructions 
The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and 
the “Store D” instruction SN. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions (F8-FD, FF, 7C, 7D, 7F). During these 
instruction executions, the operation is referred to as “data 
immediate.” 


When interrupts are being serviced, register R(1) be- 
comes the program counter and register R(2) is used as the 
data (stack) pointer for the interrupt servicing routine. 
Register R(0) is the DMA pointer when Direct Memory 
Access is used. 

‚Data Registers — When registers in R are used to store bytes 
of data, four instructions are provided (8N, 9N, AN, BN) 
which allow D to receive from or write into either the 
lower-order or highei-order byte portions of the register 
designated by N. By this mechanism (together with loading 
by data immediate) program pointer and data pointer 
designations are initialized. Also, this technique allows 
scratchpad registers in R to be used to hold general data. 
By employing increment or decrement instructions, such 
registers may be used as loop counters. 
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CDP1802 COSMAGC architecture 
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DMA -Another important use of Ras a data pointer sup- 
ports the built-in Direct-Memory-Access (DMA) function. 
When a DMA-in or DMA-out request is received, the cur- 
rent instruction cycle is completed before the request is 
serviced. Upon entering the DMA state, the contents of 
R(0) is sent to memory as the address where the data 

is written into (DMA-in) or read from (DMA-out). At the 
completion of each DMA cycle, which is one machine cycle, 
the content of R(O) is incremented by 1 so that it points 
to the next memory location. Thus, R(O) is a dedicated 
DMA data pointer; if the DMA feature is not used, R(O) 
is available for any other function. (Since the CDP 1802 
is a static machine and no refreshing is needed, there is no 
maximum number of DMA cycles that can be done con- 
secutively.) This feature in the COSMAC architecture 
saves a substantial amount of logic when fast exchange of 
blocks of data are required, such as with magnetic disks 
or during CRT-display-refresh cycles. 


Load Mode - A program load facility, using the DMA-in 
channel, is provided to enable users to load programs into 
memory. This facility provides a simple, one-step means 
for initially entering programs into the microprocessor 
system and eliminates the requirement for a specialized 
“bootstrap” program loader. 


Interrupt Servicing — Register R(1) is always used as the 
program counter when interrupt servicing is initiated. 
When an interrupt request comes in and interrupts have 
been enabled (again, nothing takes place until the comple- 
tion of the current instruction), the contents of the X and 
P registers are stored in ihe temporary register T, and X 
and P are set to new values: 2 in X and 1 in P. Interrupt 
enable is automatically deactivated to inhibit further in- 
terruptions. The user written interrupt routine is now in 
control. The contents of T can be saved by means of a sin- 
gle instruction (78) in the memory location pointed to by 
R(X). At the conclusion of the interrupt, the return routine 
restores the pre-interrupted values of Xand P with a 
single instruction (70 or 71). The interrupt-enable flip- 
flop can be enabled to permit further interrupts or can be 
disabled to prevent them. 


Accumulator — The D register is an 8-bit accumulator. 
Connected directly to the ALU, the D register provides 
one operand for any arithmetic or logic function. The 
second operand is found in memory. Results from the 
ALU’s operation are then stored back into D, appropri- 
ately setting the 1-bit data flag register (DF). A series of 
branch, shift, and arithmetical instructions are provided 
for operations based on either the value of D or DF. 


The Q Flip-Flop — An internal flip-flop, Q, can be set or 
reset by instruction and can be sensed by conditional 
branch instructions. The output of Qis also available as a 
bit serial output line. 


Instruction Cycles 


Most COSMAC instructions consist of two machine cycles, 
a fetch cycle and an execute cycle (a few instructions 
require two execute cycles). Each machine cycle is 8 clock 


pulses long. During the fetch cycle, the four bits in the 

P designator select one of the 16 registers R(P) as the cur- 
rent program counter. The selected register R(P) contains 
the address of the memory location from which the instruc- 
tion is to be fetched. When the instruction is read out from 
the memory, the higher-order 4 bits of the instnuction byte 
are loaded into the I register and the lower-order 4 bits into 
the N register. The content of the program counter is auto- 
matically incremented by I so that R(P) is now “pointing” 
to the next byte in the memory. 


The X designator selects one of the 16 registers R(X) to 
“point” to memory for an operand (or data) in certain ALU 
or I/O operations. 

The N designator can perform the following five func- 
tions depending on the type of instruction fetched: 


1. designate one of the 16 registers in R to be acted 
upon during register operations; 

2. select an input or output port for data transfer; 

3. indicate the specific operation to be executed during 
the ALU instructions, types: of tests to be performed 
during the Branch instructions, etc., 

. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P); 

. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 


Conversing with the CDP1802: 
Signal Descriptions 


BUS 0 10 BUS 7 (Data Bus) 

8-bit bidirectional DATA BUS lines. These lines are used 
for transferring data among the memory, the micro- 
processor, and the I/O devices. 


TPA, TPB (2 Timing Pulses) 

Positive pulses that occur once in each machine cycle 
(TPB follows TPA). They are used by 1/O controllers to 
interpret codes and to time interaction with the data bus. 
The trailing edge of TPA is used by the memory system to 
latch Ihe higher-order byte of the 16-bit memory address. 
TPA is suppressed in IDLE when the CPU is in the load 
mode. 


SC0, SCI (2 State Code Lines) 

These lines indicate that the CPU is: (1) fetching an in- 
struction, or (2) executing an instruction, or (3) processing 
a DMA request, or (4) acknowledging an interrupt request. 
All states are valid at TPA. 
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MWR (Write Pulse) 
A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 


MRD(Read Loc) 

A low level (Vss) on MRDindicates a memory read cycle. 
It can be used to control three-state outputs from the 
addressed memory which may have a common data input 
and output bus. If a memory does not have a three-state 
high-impedance output, MRD is useful for driving memory 
bus separators. It is also used to indicate the direcion of 
data transfer during an 1/O instruction: 


MRD=Vcc: Data from 1/O to CPU and Memory 
MRD=Vss: Data from Memory to I/O or CPU 


MAO to MA? (& Memory Address Lines) 

The higher-order byte of a 16-bit COSMAC memory 
address appears on'the memory address lines MAO-7 first. 
Those bits required by the memory system are sırobed into 
external address latches by timing pulse TPA. (The 
CDP1831 and CDP1833 ROM'’s have built-in-address 
latches as well as other system-sımplifying features, as listed 
on page 13.) The low-order byte of the 16-bit address 
appears on the address lines after the termination of TPA. 
Latching of all 8 higher-order address bits would permit a 
memory system of 65K bytes. 


NO, N1, N2 (I/O Selection) 
These lines can be used to issue command codes or device 
selection codes to the 1/O devices (independently or com- 
bined with the memory byte on the data bus when an I/O 
instruction is being executed). The N bits are low at all 
times except when an 1/O instruction is being executed. 
During this time (heir state is the same as the corresponding 
three lower order bits in the N register. 

The direction of data flow is defined in the I/O instruc- 
tion by bit N3 and is indicated by the level of the MRD 


signal. 


INTERRUPT, DMA-IN, DMA-OUT (3 1/0 Requesıs) 
These inputs are sampled by the CDP1802 during the inter- 
val between the leading edge of TPB and the leading edge of 
TPA. 

Interrupt Action: X and Pare stored in T after execut- 
ing current instruction; designator X is set to 2; designator 
Pis set to 1; interrupt enable is reset to O (inhibit) requiring 
one machine cycle; and instruction execution is resumed by 
fetching the next instruction from M(R(1)). 

DMA Action: Finish executing current instruction; 
R(O) points to memory area for data transler; data is 
loaded into or read out of memory; and increment R(O). 

Note: In the event ol concurrent DMA and INTER- 
RUPT requests, DMA-IN has priority, [ollowed by DMA- 
OUT and then INTERRUPT. 


EFI to EF4 (4 Flags) 

These inputs enable the I/O controllers to transfer status 
information 10 the processor. The lines can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to “call the attention” of the processor, in which 


case the program must routinely test the status of these 
flags. The flags are sampled at the beginning of every SI 
cycle. 


0 Flip-Flop 

Single-bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction 
execution, Qis set or reset between the trailing edge of 
TPA and the leading edge of TPB. 


Input for externally generated single-phase clock. The 
maximum clock frequency is 6.4 MHz at Vcc = VpD = 
10 volts. The clock is counted down internally to 8 clock 
pulses per machine cycle. 


ATAL 

Connection to be used with clock input terminal for an 
external crystal if the on-chip oscillator is utilized. The 
crystal is connected between terminals I and 39 (CLOCK 
and XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be used for precise 
frequency adjustments. 


WAIT, CLEAR {2 Control Lines) 
Provide four control modes as listed in the following truth 
table: 


The functions of the modes are defined as follows: 

Run — May be initiated from the Pause or Reset mode 
functions. If initiated from Pause, the CPU resumes opera- 
tion on the first high-to-low transition of the input clock. 
When initiated from the Reset operation, the first machine 
cycle following Reset is always the initialization cycle. 
The initialization cycle is then followed by a DMA(S2) 
cycle or fetch (SO) (rom location 0000 in memory. 


The CDP1802 state transitions when in the RUN mode 
are shown below. Each machine cycle requires the same 
period of time — 8 clock pulses. The execution of an 
instruction pulse requires either two or three machine 
cycle, SO followed by a single SI cycle or two SI cycles. 
S2 is the response to a DMA request and S3 is the inter- 
rupt response. 
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Terminal Assignment Diagrams 
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CDP1834 
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CDP1855 
8-Bit Programmable 


Multiply/Divide Unit 
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CDP1869 CDP1872 CDP18U43 
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CDP1871 CDP18U42CD MWS5101, MWS5101A 
Keyboard Encoder 256 x 8 UV EPROM 256 x 4 RAM 
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ToP view 
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22CS-32581 
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54025 
56508 
55101 


6810-1 
53514 


56830 


S1883 


Fairchild 
MK3514 


MK386k 

MK35342 
MK35345 
MK93415 
MK93425 


General Instruments 


RA-3-4256 
RO-3-4096 


AY-31013 
AY-F1014 
AY-3-1015 


MWS5114 
1024 x 4 RAM 


vonousun- 


TOP VIEW 


Description 


1024 x 1 RAM 
1024 x 1 RAM 
256x4 RAM 


128 x 8 RAM 
512 x 8 ROM 


1024 x 8 ROM 


VART 


512x 8 ROM 


VO 

1024 x 1 RAM 
1024 x 1 RAM 
1024 x 1 RAM 
1024 x 1 RAM 


256 x 4 RAM 
512x 8 ROM 


UART 


92C930802 


Cross-Reference Guide 


Note: RCA functionally equivalent type may not be identical with other manufacturer’s type in every detail. Refer to 
published data for further information. 


ACA 


Functionally 


Equivalent 
Type 


CDP1821 
CDP1821* 
CDP1822* 
MWS5101* 
CDP1823 
CDP1831 
CDP1832 
CDP1833 
CDP1834 
CDP1854 


CDP1831 
CDP1832 
CDP1852 
CDP1821 
CDP1821 
CDP1821 
CDP1821 


CDP1822 
CDP1831 
CDP1832 


CDP1854A" 
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Type 


Harris 


HM6551 
HM6501 
HM6514 


Hughes 


HMPS1802 
HMPS1824 
HMPS1822 
HMPS1852 


Intel 


2102 
2101 


2111 
2112 
4101 
5101 
2114 


8101 
2308 


8308 


2704 


MWS6508 
1024 x 1 RAM 


*Pin-for-pin compatible. 


TOP VIEW 
MWS6508 


Description 


256 x 4 RAM 
1024 x 4 RAM 


CPU 

32x 8RAM 
256 x4 RAM 
V/O Port 


1024 x 1 RAM 
256 x4 RAM 


256 x4 RAM 
256x 4 RAM 
256 x 4 RAM 
256x4 RAM 
1024 x 4 RAM 


256 x 4 RAM 
1024 x 8 ROM 


1024 x 8ROM 


512 x 8PROM 


9205. 32378 


RCA 
Functionally 
Equivalent 

Type 


CDP1822* 
MWS5101” 
MWS5114 


CDP1802* 
CDP1824 

CDP1822* 
CDP1852* 


CDP1821* 
CDP1822* 
MWS5101* 
CDP1822 
CDP1822. 
CDP1822 
CDP1822* 
MWS5101* 
MWS5114 
MWS5114A 
CDP1822 
CDP1833 
CDP1834 
CDP1833 
CDP1834 
CDP1831 
CDP1832* 


Cross-Reference Guide (Cont’d) 


Type 
2708 


8708 


8212 
8212 


Intersil 


IM6508 
IM6551 


IM6402/6403 
Mostek 


MK4009-9 
MK4102P-1 
MK4102N-1 
MK2500P 


MK2600P 


Motorola 


MCM2102 
MCM6810A 
MCM6830 
MCM65308 
MCM68308 
MCM145101 


MCM2114 


National 


INSB212 
MM74C930 
MM875295/6 


Description 
1024 x 8 PROM 
1024 x 8PROM 


Byte 1/O 
Byte /O 


1024 x 1 RAM 
256 x 4 RAM 


VART 

1024 x 1 RAM 
1024 x 1 RAM 
1024 x 1 RAM 
512x 8 ROM 


512 x 8 ROM 


1024 x 1 RAM 
128x 8 RAM 


1024 x 8 ROM 
256 x 4 RAM 


1024 x 4 RAM 


VO 
1024 x 1 RAM 
512x 8EAROM 


*Pin-for-pin compatible. 


RCA 
Functionally 
Equivalent 


Type 


CDP1833 
CDP1834 
CDP1833 
CDP1834* 
CDP1852 
CDP1852 


CDP1821* 
CDP1822* 
MWS5101* 
CDP1854* 


CDP1821 
CDP1821* 
CDP1821"* 
CDP1831 
CDP1832 
CDP183} 
CDP1832 


CDP1821” 
CDP1823 


CDP1833 
CDP1834 


CDP1822* 
MWS5101* 
MWS5114 


CDP1852 
CDP1821 
CDP1831 
CDP1832 


Type 


MM2102 
MM5204C 


MM5232 
MM5233 


MM2101 


NEC 


4PD6508 
uPD2114 


Signetics 
2101 


Synertek 
5Y2101 


sY2114 


Texas Instruments 


2101 
TMS4045 
TMS4039 
TMS6011 
SN545/745474 


SN548/745475 


Western Digital 
TR1602A 
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Description 


1024 x 1 RAM 
512x 8 PROM 


512x 8 ROM 
512x 8 ROM 


256 x4 RAM 


1024 x 1 RAM 
1024 x 4 RAM 


256 x4 RAM 


256 x 4 RAM 


1024 x 4 RAM 


256 x4 RAM 


1024 x 4 RAM 
256 x 4 RAM 
UART 

512x 8 ROM 


512x 8 ROM 


RCA 
Functionally 
Equivalent 
Type 


CDP1821" 
CDP1831 
CDP1832 
CDP1831 
CDP1832 
CDP1831 
CDP1832 
CDP1822* 
MWS5101" 


CDP1821* 
MWS5114 


CDP1822* 
MWS5101* 


CDP1822* 
MWS5101* 
MWS5114 


CDP1822* 
MWS5101* 
MWS5114 
CDP1822 
CDP1854* 
CDP1831 
CDP1832 
CDP1831 
CDP1832 


CDP1854* 


M66821 


(1.0 MHz) 


MC68A21 


(1.5 MHz) 


MC68B21 


(2.0 MHz) 


(M) MOTOROLA 


PERIPHERAL INTERFACE ADAPTER (PtA) 


The MC6821 Peripheral Intertace Adapter provides the universal 
means of interfacıng peripheral equipment to the MC6800 Micro- MOS 
processing Unit (MPU). This device is capable of interfacing the MPU 
to peripherals through two &-bit bidirectional peripheral data buses IN-CHANNEL, SILICON-GATE, 
and four control lines. No external logie is required for interfacing to DEPLETION LOAD) 
most peripheral devices. 

The functional configuration 0? the PIA is programmed by the 
MPU during system initialization. Each of the peripheral data lines PERIPHERAL INTERFACE 
can be programmed to act as an input or output, and each of the ADAPTER 
four controt/interrupt lines may be programmed for one of several 
control modes. This allows a high degree of flexibility in the over-all 
operation of the interface. 
®e 8-Bit Bidirectional Data Bus for Communication with the MPU 
© Two Bidirectional 8-Bit Buses for Interface to Peripherals 
@ Two Programmable Control Registers ! 
© Two Programmabie Data Direction Regısters Wan LSUFFIK 
. 


LH . 4 CERAMIC PACKAGE 
Four Individually-Controlled Interrupt Input Lines; Two Usable CASE 718 


as Peripheral Control Qutputs 

Handshake Control Logic for Input and Output Peripheral 
Operation 

High-Impedance 3-State and Direct Transistor Drive Peripheral 
Lines 


Program Controlled Interrupt and Interrupt Disable Capability j PSUFEIN 
PLASTIC PACKAGE 


CMOS Drive Capability on Side A Peripheral Lines as 
Two TTL Drive Capability on All A and B Side Bufters 


TTL-Compatible 
Static Operation PIN ASSIGNMENT 


ORDERING INFORMATION 


[ __ spud | Deco [Temperatur Range | 

1.0 MHz 
MIL-STD-883C MC6821CQCS 

20mm: | messazie.t | Ororrosc 
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MC6821 


MAXIMUM RATINGS 
MC6321C, MCSBA2IC 


Operating Temperature Range Ta 
o 
c 
40 1085 °C 
MC6821COCS$, MC682180CS -55 t0 125 °c 


MC6821. MC68A21, MC6BB21 
Storage Temperature Range -55 10 +150 


This device contains circuitry to protect the 
Inputs against damage due to high static voltages 
or electric fields; however, ıt is advised ıhat 
normal preceutions be Laken to avoid application 
of any voltage higher than maximum rated 
voltages to thıs high impedance. 


Input High Voltage 


Input Leakage Current 

EL 

KB 
(Vin "0, Ta = 25°C. t = 1.0 MHz) 


INTERAUPT OUTPUTS (IRQA, IRQB) 
(Load * 3.2 mAdc) 
{VoH * 2.4 Vde) 


Capacıtance 


(Vin =0.T:a = 25°C. = 10 MHz) 
DATA BUS (00-07) 


Input Hıgh Voltage VIH 
Input Low Voltage 


Three-State (Oft State) Input Current 
{Vin = 0.4 10 2.4 Vdc) 

Qutput Hıgh Voltage 
ULoad = -205 nAde) 

Qutput Low Voltage 
ULoad " 1.6 mAdc) 


Capacıtance 
(Vin =0.Ta = 25°C. fe 1.0 MHz) 


PERIPHERAL BUS (PAO-PA7. PBO-PBT, CA1.CA2,CB1, CB2) 


Input Leakage Current A/W, Asset, ASO, AS1,CS0, CS1. C52,CA1, 
(Vin = 0 10 5.25 Vde) CB1, Enable 


Three-State (Off State) Input Current PBO-PB7,CB2 ITsı 
{Vin = 0.4 10.2.4 Vdc) 


Input High Current PAO-PA7.CA2 
IViH * 2.4 Vde) 


Oarlington Drive Current PBO-PB7,CB2 
Vo"15Vde 


Input Low Current PAO-PA7,CA2 IL 
VL "0.4 Vde) 
H 


Output High Voltage vo 
(Load * -200 wAde) PAO -P7, P80-PB7.CA2,CB2 
ÜLoad ” -10 wAdc) PAO-PA7,CA2 


Output Low Voltage 
(Load * 3.2 mAdc} 
Capscitance 
Vin "0, Ta = 25°C, t = 1.0 MHz) 
POWER REQUIREMENTS 
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MC6821 


BUS TIMING CHARACTERISTICS tvcc = 50V 5%. Vs +0. Ta = TLto Tu unless otherwise specified.) 


Setup Tıme, Address and R/W valid 
to Enable positive transition 


Address Hold Time 
Data Hold Time, Read 
Data Setup Tıme, Write 


Data Hold Time, Write 


FIGURE 1 — ENABLE SIGNAL CHARACTERISTICS 


FIGURE 2 — BUS READ TIMING CHARACTERISTICS 
{Read Information from PIA) 


Enable 


FIGURE 3 - BUS WRITE TIMING CHARACTERISTICS 


Write Information into PIA) 


FIGURE 4 — BUS TIMING TEST LOADS 


s.ov 
ALT 25% 


Test Point MMDS1SO 


or Eauıv 


c 
130 of MMO 7000 


or Eauiv. 


MC6821 


PERIPHERAL TIMING CHARACTERISTICS (vcc = 50 V 5%, Vsg "OV. Ta" TL to Ty unless otherwise specified.) 


Peripheral Data Setup Time 
Perıpheral Data Hold Time 


Delay Time, Enable negative transition t0 CA2 


negative transition 


Delay Time, Enable negative transition to CA2 
positive transition 
Rise and Fall Times for CA1 and CA2 input signals tet | 


Delay Time from CAI active transition to CA2 
positive transition 


Delay Time, Enasbile negative transition to Peripheral 
Data Valid 


Delay Time, Enable negative transition to Peripheral ICMOS 
CMOS Data Valid PAO-PA7,CA2 

Delay Tıme, Enable positive transition to CB2 1C82 
negative transition 

Delay Time, Peripheral Data Valid to CB2 tpc 
negatıve transition 


Delay Time, Enabie positive transition to CB2 
positive transition 


Peripheral Control Output Pulse Width, CA2/CB2 
Rise and Fall Tıme for CB1 and CB2 input sıgnals tete | 


Delay Tıme, CB1 active transition 10 C82 By 
positive transılion 
Interrupt Release Tıme, IROA and IAOB tal 


Interrupt Aesponse Tıme 
Interrupt Input Pulse Width 


"The Reset line must be high a minimum of 1.0 us before addressing the PIA. 


oO 
n 
- 


FIGURE 5 — TTL EQUIV. TEST LOAD FIGURE 6 — CMOS EQUIV. TEST LOAD FIGURE 7 - NMOS EQUIV. TEST LOAD 


(PAO-PA7, PBO-PB7. CA2.CB2) (PAO-PA7, CA2) 


cc 
AL 
.-— I 
MMDE1SO Tası Point ni 
or Equiv. 
Vi 
c aA 30 pF 

MMD7000 
or Equiv. 


Tesı Point 


= 


C-40pF. R=- 124 


Adıust AL so thar I = 3.2 mA 
wıtn V, = 0.4 Vand Voc = 5.25 V 
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FIGURE 8 — PERIPHERAL DATA SETUP AND HOLD TIMES FIGURE 9 - CA2 DELAY TIME 
(Aasd Mode) (Read Mode; CRA& = CAA-3 = 1,CRA4 = 0) 


PAO- PA? 
PBO.PB? 


Ensbie 


Ensble 


*Assumas part was deselected during 
the previous E pulse 


FIGURE 10 — CA2 DELAY TIME FIGURE 11 - PERIPHERAL CMOS DATA DELAY TIMES 
{Aesd Mode; CRA5 = 1,CRA-3 = CHA4 = 0) (Write Mode; CAA-5 = CRA-3 = 1, CRA4 = 0} 


Enebie 


Ensple 


Vcc -30% Vec 


PAOPA? 
ca2 


FIGURE 12 — PERIPHERAL DATA AND CB2 DELAY TIMES FIGQURE 13 - CB2 DELAY TIME 
(Write Mode: CABS5 = CRB-3 = 1, CRB-4 = D) (Write Mode; CRB-5 = CRB-I = 1, CRB4 = 0} 


Ensble 


Enabte 


PBO PB7 


ce2 


"Assumes part was desslected during the 
previous E pulse 


C82 Note: CB2 goes low as a result of the 
positive transition of Enable. 


FIGURE 14 — CB2 DELAY TIME 


FIGURE 15 — INTERAUPT P WIDTH AND IRAQ RESPONSE 
(Write Mode; CABS = 1, CRB-3 = CRB4 = 0) u 5 NLSE WIOTHA 5 


Enable 


0.4 v ins ——— 


*"Amumes parı was deselected during *" Assumen Interrupt Enable Bits ara sat. 
any previous E putme. 
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FIGURE 16 - IRQ RELEASE TIME FIGURE 17 — RESET LOW TIME 


0.8 v 


"The Aesst line must be a Viy for a minimum ol 
1.0 us before sddreming the PIA. 


EXPANDED BLOCK DIAGRAM 


Interrupt Status 
Control A 
Control 
Aagıster A 


M ICRA) | 


Osta Dirsction 
Asgister A 
(DDRA} 
Buffers 


Peripheral 
Interface 
A 


Bus Input 
Asgıster 
ıgıa} 


voayaun on 


Vcec * Pın 20 


Vos®Pn! 


(OR8) 
cso Parıpheral 
Interface 
1 

cs B 
c52 Chp 

Select 
230 and 
ası RAW 
Aw Contot 


Enable 
Remt 


Osts Direcion 
Convoi 
Register B 
ICRB) 


Interrupt Status 
Contro! 8 
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PIA INTERFACE SIGNALS FOR MPU 


The PIA interfaces to the MC6800 MPU with an eight- 
bit bi-directional data bus, three chip select lines, two 
register select lines, two interrupt request lines, read/write 
line, enable line and reset line. These signals,. in conjunc- 
tion with the MC6800 VMA output, permit the MPU to 
have complete control over the PIA. VMA should be uti- 
lized in conjunction with an MPU address line into a chip 
select of the PIA. 

PIA Bi-Directional Data (DO-D7) - The bı-dırectional 
data Iınes (DO-D7) allow the transfer of data between the 
MPU and the PIA. The data bus output drivers are three 
state devices that remaın in the hıgh- ımpedance (off) state 
except when the MPU pertorms a PIA read operation. The 
Read/Write Iıne ıs ın the Read (high) state when the PIA 
ıs selected for a Read operation. 

PIA Ensble (E) — The enable pulse, E, ıs the only 
timing signal that ıs supplied to the PIA. Timing ot all 
other sıgnals ıs referenced to the leading and traslıng edyes 
of the E pulse. Thıs sıgnal wıll normally be a derivatıve ol 
the MC6800 92 Clock 

PIA Read/Write (R/W) - This sıgnal ıs generated by 
the MPU to control the direction of data transfers on the 
Data Bus. A low state on the PIA Read /Write line enables 
the input bulfers and data ıs transferred from the MPU to 
the PIA on the E sıgnal ıf the device has been selected. A 
high on the Read/Write Iıne sets up the PIA tor a transfer of 
data to the bus. The PIA output buffers are enabled when 
the proper address and the enable pulse E are present. 

Aeset - The actıve low Äeset line is used to reset 
all register bıts ın the PIA to a logıcal zero (low). Thıs Iıne 
can be used as a power-on reset and as a master reset during 
system operation. 

PIA Chip Select {CS0, CS1andCS2) - These three ınput 
sıgnals are used to select the PIA. CSO and CS1 must be 
hıgh and ©52 must be low for selection ol the device. 
Data transfers are then performed under the control of the 
Enable and Read/Write signals. The chip select lines must 
be stable for the duration of the E pulse. The device is 
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deselected when any of the chip selects are in the 
inactive state. 

PIA Register Select (ASO and RS1} - The two register 
select lines are used to select the various registers ınsıde 
the PIA. These two lines are used ın conjunction wıth 
internat Control Registers to select a particular register 
that is 10 be written or read. 

The register and chip select lines should be stable for 
the duration of the E pulse while in the read or write cycle. 

Interrupt Request (IRQA and IROB) The active low 
Interrupt Request lines ((RQA and IRB) act to interrupt 
the MPU either directiy or through interrupt priority 
circuitry. These lines are "'open drain” (no load device on 
the (chip). This permits all interrupt request lines to be 
tied together in a wire-OR configuration. 

Each Interrupt Request Iıne has two internal interrupt 
flag bits that can cause the Interrupt Request line to go 
low. Each flag bit is associated wıth a particular perıpheral 
interrupt line. Also four interrupt enable bits are provided 
in the PIA which may be used to ınhibıt a particular 
interrupt from a peripheral device. 

Servicing an interrupt by the MPU may be accom- 
plished by a software routine that, on a prioritized basis, 
sequentially reads and tests the two control registers in 
each PIA for interrupt flag bits that are set. 

The interrupt flags are cleared (zeroed} as a result of an 
MPU Read Peripheral Data Operation of the corresponding 
data register. After being cleared, the interrupt flag bit 
cannot be enabled to be set until the PIA is deselected 
during an E pulse. The E pulse is used to condition the 
interrupt control lines (CAl, CA2, CB1, CB2). When 
these lines are used as interrupt inputs at least one E 
pulse must occur from the inactive edge to the actıve 
edge of the interrupt input signal to condition the edge 
sense network. If ıhe ınterrupt flag has been enabled and 
the edge sense circuit has been properly conditioned, 
the interrupt lag will be set on the next active transition 
of the interrupt input pin. 
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PIA PERIPHERAL INTERFACE LINES 


The PIA provides two 8-bit bi-directional data buses 
and four interrupt/control lines for interfacing to periph- 
eral devices. 


Section A Peripherst Data (PAO-PA7) - Each of the 
peripheral data lines can be programmed t0 act as an input 
or output. This is accomplished by setting a "'t" ın the 
corresponding Data Direction Register bıt for those lines 
which are to be outputs. A 0” in a bıt of the Data 
Direction Register causes the corresponding peripheral 
data line 10 act as an ınput. During an MPU Read Peripheral 
Data Operation, the data on peripheral lınes programmed 
to act as inputs appears directly’ on the corresponding 
MPU Data Bus lines. In the ınput mode the internal 
pullup resistor on these lines represents a maximum of 1.5 
standard TTL loads. 

The data in Output Register A wıll appear on the data 
lines that are programmed to be outputs. A logıcal “1” 
written ınto the register will cause a “'hıgh’’ on the cor- 
responiling data line while a 0" results ın a "'low’'. Data 
in Output Register A may be read by an MPU "Read 
Peripheral Data A” operation when the corresponding 
Iınes are programmed as outputs. This data will be read 
properly ıf the voltage on the peripheral data lınes 
is greater ıhan 2.0 volts for a logıc ‘1 output and 
less than 0.8 volt for a logic "0" output. Loading the 
output Iınes such that the voltage on these Iınes does not 
reach full voltage causes the data transferred ınto the MPU 
on a Read operation to dıffer Irom that contaıned ın the 
respective bit ol Output Aegıster A. 

Section B Peripheral Data (PBO-PB7) - The peripheral 
data lınes ın the B Section of the PIA can be programmed 
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to act as either inputs or outputs in a similar manner to 
PAO-PA?. However, the output buffers driving these lines 
differ from those driving lines PAO-PA7. They have three- 
state capability, allowıng ihem 10 enter a hıgh impedance 
state when the peripheral data line ıs used as an ınput. In 
addition, data on the peripheral data lınes PBO-PB7 will 
be read properly from those lınes programınei a5 outputs 
even if the voltages are below 2.0 volts for a high”. As 
outputs, these lines are compatible wıth standard TTL and 
may also be used as a source ol up to I milliampere at 1.5 
volts to directiy drive the base of a transıstor switch. 

Interrupt Input (CA 1 and CB) -; Peripheral Input Iınes 
CA1 and CBI are input only Iınes that set the interrupt 
flags of Ihe control registers. The aclıve transition lor these 
signals is also programmed by the two control regısters. 

Peripheral Control {CA2) - The peripheral control lıne 
CA2 can be programmed to act as an interrupt ınput or as 
a peripheral control output. As an output, thıs line ıs com- 
patıble with standard TTL: as an input the ınternal pullup 
resistor on this line represents 1.5 standard TTL loads. 
The function of this signal line is programmed with 
Control Register A. 


Peripheral Control (CB2) - Peripheral Control Iıne CB2 
may also be programmed to act as an ınterrupt input or 
peripheral control output. As an input, thıs lıne has 
high ınput ımpedance and ıs compatible wırh stand- 
ard TTL. As an output ıt ıs compatible wıth standard 
TTL and may also be used as a source ol up to 1 mıllı- 
ampereat 1.5volts to directly drive the base ot a transıstor 
switch. This Iine ıs programmed by Control Register B. 
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INTERNAL CONTROLS 


There are sıx locatıons wıthın the PIA accessible to the 
MPU data bus: two Peripheral Registers, two Data 
Direction Registers, and two Control Regısters. Selection 
of these locatıons ıs controlled by the RSO and RS1 inputs 
together with but 2 ın the Control Register, as shown 
in Table 1. 


TABLE 1 - INTERNAL ADDRESSING 

Register Bıt 
8 | 
| 
Eu 


%* Don't Care 


Locatıon Selected 


x] renonear nennen | 
1% oseDuesnonnesmiera | 
oe] eonvorfenmea | 
[1 | feronesimegmers | 
EEE 
Eu 


Data Dırection Aegıster B 
Control Aegıster B 


INITIALIZATION 
A low reset Iıne has the effect ol zeroıng all PIA regıs- 
ters. This will set PAO-PA7. PB0-PB7. CA2 and CB2 as 
ınputs, and all ınterrupts disabled. The PIA must be con- 
tıgured during the restart program which follows the reset. 
Details of possible confıgurations of the Data Direction 
and Control Regıster are as follows 


DATA DIRECTION REGISTERS (DDAA and DDRB) 

The two Data Dırection Regısters allow the MPU to 
control the direction of data through each corresponding 
perıpheral data lıne. A Data Direction Register bıt set at 
0’ confıqures the corresponding perıpherat data Iıne as 
an ınput, a 1" results ın an output 


CONTROL REGISTERS (CRA end CAB) 

The two Control Registers (CRA and CRB) allow the 
MPU to control the operation of the four peripheral 
control lines CA1, CA2, CB1 and CB2. In addition they 
allow the MPU to enable the interrupt lines and monitor 
the status of the interrupt flags. Bits O through 5 of the 
two registers may be written or read by the MPU when 
the proper chip select and register select signals are 
applied. Bits 6 and 7 of the two registers are read only 
and are modified by external interrupts occurring on 
control lines CA1, CA2, CB1 or CB2. The format of the 
control words is shown in Table 2. 


TABLE 2 - CONTROL WORD FORMAT 


CA2 Control DORA | CA1 Control 
Access 


KANHENENEIEEREREIHE 


IROB1 |IROB2 C82 Control DDAB | CB1 Control 
Access 


Data Direction Access Control Bit (CRA-2 and CRB-2) — 
Bit 2 ın each Control register (CRA and CRB) allows 
selection of eıther a Peripheral Interface Register or the 
Data Direction Register when the proper register select 
signals are applied to RSO and RS1. 


Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) - 
The four ınterrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines 
when those lines are programmed to be inputs. These bıts 
cannot be set directiy from the MPU Data Bus and are 
reset ındırectiy by a Read Peripheral Data Operation on 
the appropriate section. 


CRA 


cAB 


TABLE 3 - CONTROL OF INTEARRUPT INPUTSCA1 AND CB1 


Interrupt Input 
CA1 (CB1) 


BE ER 
Ben 
Ba 
Set nıghn on * ot CA1 
(can 


t ındıcales posıtıve transıtion (low to high) 


MPU Interrupt 


Interrupt Flag Request 
CRA-7 (CAB-7) ATX (AGB) 
Sei high on , of CAı | Disabled — MU re- 

(CB1) maıns hıgh 


Set high on | ol CA1 


Set high on ! ot CA1 


Goes low when ihe 
interrupt Hag bit CAA-7 
(CAB-7) goes hıgh 
Disabied — [AU re- 
mans hıgh 


Goes low when the 
ınterrupt flag bit CRA-7 
(CRB-7) goes high 


ı(CB1) 


(CB) 


| ındıcales negative transılıon (high Io !ow) 


The Interrupt Mag bit CAA-7 ıs cleared by an MPU Read ol the A Data Regısier. 
and CRB:7 ıs cleared by an MPU Read of Ihe B Data Aegısier 

4 It CRA-0 (CRB-0O) ıs Iow when an ınterrupt occurs (Interrupt disabled) and ıs later brought 
high, IRQA (IROB} occurs after CAA-O (CAB-O) ıs written to a one”, 
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Control of CA1 and CB1 Interrupt Input Lines (CRA-O, used to enable the MPU ınterrupt signals IRQA and IAOB, 
CAB 0. CRA 1, and CAB-1) — The two lowest order bits respectively. Bits CRA-I and CRB-1 determine the actıve 
of the control regısters are used to control the interrupt transition of the ınterrupt ınput signals CAl and CBI 
ınput hnes CAl and CB. Bıts CRA-O and CRB-O are (Table 3). 


TABLE 4 - CONTROL OF CA2 AND CB2 AS INTERRUPT INPUTS 
CRAS (CABS5) low 


MPU Interrupt 

CRA-5 | CAA-4 Interrupt Input interrupt Flag Request 

(CAB-5) | (CRB-4) CaA2 (CB2) CRA-6 (CRB-6) AOA (IROB) 

ı Actıve Set hıgh on | ol CA2 | Oisabled — TAU re- 
+CB2) mains hıgh 


Set high on ! ol CA2 | Disabied — MO re- 
(CB2} mains hıgh 


1 t Aclıve Sei hıgn on | ol CA2 | Goes low when Ihe 
(CB2) ınterrupt llagbıl CRA-6 
(CRB-6) goes high 


; Actve Sei high on „ 01 CA2 | Goes low when Ihe 
(CB2} ınterrupt Nagbıt CRA-6 
(CAB-6) goes hıgh 


Notes. 1 f ındıcates positive Iransılıon (low to high) 
2.  ,‚ındcales negalıve Iransılıon (high Io low) 
3 Tneinterruptlagbit CAA-6 ıscleared by an MPU Readolthe A Data Aegısier and CAB-6 ıs 
cleared by an MPU Read of ıhe B Dala Register 
4 t CRA-3 {CAB-3) is low when an ınterrupt occurs ({Interrupt disabled) and ıs later broughi 
high, IROA IAGOB) occurs after CRA-3 (CRB-3) is written to a one” 


TABLE 5 - CONTROL OF CB2 AS AN OUTPUT 
CRB-5 ıs high 


Brenn) 
Cleared Sei 


Low on the positive transıtion of | Hıgh when Ihe ınterrupt flag bit 
the first E pulse tollowıng an | CAB-7 ıs sei by an actıve Iransı- 
MPU Write 'B Data Regıster | tion of the CB1 sıgnal 
operation 


Low on the positive transition ol 
the first E pulse alter an MPU 
Write ''B’' Data Aegıster opera- 
tion. 
Low when CAB-3 goes low as a 
resull of an MPU Wnite ın Control 
Register B 


Hıgh on the positive edge ol 
the Iırst "E pulse following an 
"E” pulse which occurred while 
the part was deselected 


Always low as long as CAB.3 ıs 
low Willgo hıgh on an MPU Write 
ın Control Aegısier B 1hal 
changes CRB-3 (0 one 


High when CAB-3 goes high as a 
result of an MPU Write into 
Control Register ''B"”. 


Always high as long as CAB-3 ıs 
high Will be cleared when an 
MPU Wiite Control Register B 
results ın clearıng CRB-3 10 
zero 
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Control of CA2 and CB2 Peripheral Control Lines 
(CRA-3, CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) — 
Bits 3, 4, and 5 of the two control regısters are used to 
control the CA2 and CB2 Perıpheral Control lines. These 
bits determine if the control lines will be an interrupt 
input or an output control signal. If bit CRA-5 (CRB-5) 


is low, CA2 {CB2) is an ınterrupt ınput line similar to 
CA1 {CB}) (Table 4). When CRA-5 (CRB-5) is high, CA2 
(CB2) becomes an output signal that may be used to 
control peripheral data transfers. When in the output 
mode, CA2 and CB2 have slıghtiy different characteristics 
(Tables 5 and 6). 


TABLE 6 - CONTROL OF CA-2 AS AN OUTPUT 


CRA-S a high 


Low on negative transıtion ol E 
after an MPU Aead "A" Data 
operation, 


Low on negative transition of € 
after an MPU Read "A" Data 
operation. 

Low when CRA-J goes low a 
result of an MPU Write to 
Control Register "A". 


Always high as long a CRA-I 
is high. Will be cleared on an 
MPU Write to Control Register 


High when the interrupt flag bit 
CRA-7 is set by an active transı- 
tion of the CA signal. 

Hıgh on ıhe negative edge of 
the first "E" pulse which occurs 
during 3 deselect. 

Always low as long as CRA-3 ı5 
low. Will go high on an MPU 
Write 10 Control Aegister A’ 
that changes CAA-I to "one". 
High when CAA-3 goes hıgh a5 
a result of an MPU Write to 
Control Register "A". 


"A" that clears CAA3 wo 


PACKAGE DIMENSIONS 


CASE 711.01 
PLASTIC 


i , 
SEATING_ 
PLANE 


NOTE: 

1. LEADS, TRUE POSITIONEO WITHIN 
0.25 mm (0.010) DIA (AT SEATING 
PLANE), AT MAX.MAT'L 
CONDITION. 


CASE 7156-02 
CERAMIC 
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(M) MOTOROLA 


ASYNCHRONOUS COMMUNICATIONS INTERFACE 
ADAPTER (ACIA) 


The MC6850 Asynchronous Communications Interface Adapter 
provides the data formatting and control to interface serial asyn- 
chronous data communications information to bus organized sys- 
terns such as the MC6800 Microprocessing Unit. 

The bus interface of the MC6850 includes select, enable, read/ 
write, interrupt and bus interface logic to allow data: transfer over 
an 8-bit bi-directional data bus. The parallel data of the bus system 
is serially transmitted and received by the asynchronous data inter- 
face, with proper formatting and error checking. The functional 
configuration of the ACIA is programmed via the data bus during 
systern initialization. A programmable Control Register provides 
variable word lengths, clock division ratios, transmit control, receive 
control, and interrupt control. For peripheral or modem operation 
three control lines are provided. These lines allow the ACIA to 
interface dırectiy with the MC6B60L 0-600 bps digital modem. 


Eight and Nine-Bit Transmission 

Optional Even and Odd Parity 

Parity, Overrun and Framing Error Checking 
Programmable Control Register 

Optional -1, +16, and +64 Clock Modes 

Up to 500 kbps Transmıssion 

False Start Bit Deletion 

Peripheral/Modem Control Functions 
Double Buffered 

One or Two Stop Bıt Operation 


MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 
BLOCK DIAGRAM 


Date, Transmit 
Data Bus Bus Tranmıtter 5 ale 
Butfers are 


Aeceive 
Data 


Address 
Control 
and 


Interrupt Control 


Peripheral/ 
Modem 
Contot 
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MOS 


IN-CHANNEL, SILICONGATE) 


ASYNCHRONOUS 
COMMUNICATIONS INTERFACE 
ADAPTER 


LSUFFIX 


CERAMIC PACKAGE 
CASE 716 


NOT SHOWN: P SUFFIX 


PLASTIC PACKAGE 
CASE 709 


ORDERING INFORMATION 


Temperature 
Range 


1.0 MHz MC6B50P.L 
MC6850CP.CL | -40 to +85°C 


MIL-STD-8838 -55 t0 +125°C 
MIL-STD-883C | MC68S0CJcS 

010 +70°C 
Ben 
[20mm | messasor.ı | own | 


OHOTOROLA ING. 1978 DS 9493 Al 


MC6847 e MC6847Y 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711-02 


17117 


CASE 71102 


NOTE: 
1. LEAOS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) D1A (AT SEATING 


SEATING PLANE ü 
@ CASE 715.02 


LSUFFIX 
CERAMIC PACKAGE 
CASE 715-02 


(M) MOTOROLA Semiconductor Products Inc. 


BOX 20912 e PHOENIX, ARIZONA 85036 e A SUBSIDIARY OF MOTOROLA INC. 


TEPFa-I PRIRIEO Tim Wa HE-TE IMPERIAL LITO BS500 rn 
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PLANE), AT MAX.MAT'L 
CONDITION. 


LIRLAT 


MAXIMUM RATINGS 
031078 
Operating Temperature Range 01 
vised ıhat normal precautions be taken to 
Storage Temperature Range [__Tsıg | -5510+150 | avoid application of any voltage higher 


Thermal Resistance Plastic "CW than maximum rated voltages to this high- 
impedance circuit. 


Ceramic 
ELECTRICAL CHARACTERISTICS ivcc = 5.0 V_ :5%. Vss = 0, Ta = 0 to 70°C unless otherwise noted.) 


I etc | [ Min I Tv 
Yin 

Input Leakage Current R’W.CS0,CS 1,052, Enable 
IVin = 0 10 5.25 Vde] AS, AXD.AxC,CTS,ÖCD ST 

Three-State (Off State) Input Current 00-07] ı7sı Be 
IV n = 0.4 10 2.4 Vddc) 

Output Hıgh Voltage 00:07 
(Load * 205 wAde, Enable Pulse Width «25 us) Bee 
ULoad * -100 „Ade, Enable Pulse Width <25 us) Tu Data, ATS 

Output Low Voltage 
(tLoad : 1.6 mAdc, Enable Pulse Width <25 us) 

Output Leakage Current (Off State) 

(VoH : 2.4 Vde) 

Power Dissipation 


This device contains circuitry to protect the 
inputs ageinst damage due to high static 
voltages or electric fields: however. it is ad- 


k=] 
ie] 


< 
\e] 
ie} 


< 


OH 


Input Capacıtance 
Win =0,Ta = 25°C, 1= 1.0 MHz) BER. 
E, Tx Cik, Ax Cik, A/W. RS. Ax Data, CSO, CS1, C$2.CT5, DCD 


Qutput Capacıtance ATS, Tx Data 
{Vin = 0, Ta = 25°C, 1 = 1.0 MHz) [rel 


Minimum Clock Pulse Width, Low (Figure 1) +16, #64 Modes 
Minimum Ciock Pulse Width, High (Figure 2} :16, #64 Modes 
Clock Frequency :1 Mode 

+16, +64 Modes 
Clock-t0-Data Delay for Transmitter (Figure 3) tTDD - 
Receive Data Setup Time (Figure 4) +1 Mode 
Receive Data Hold Time (Figure 5) +1 Mode 


Interrupt Request Release Tıme (Figure 6) ur] 


Request-to-Send Delay Time (Figure 6) ATS 


Input Transition Times (Except Enable) tr | 


*1.0 us ar 10% ol the pulse width, whichever is smaller. 
BUS TIMING CHARACTERISTICS 


s 
o 
2 
8 
vo 


F3 
o 
{2 
© 
> 
un 
° 


READ (Figures 7 and 9) 


Enable Cycle Time 
Enable Pulse Wıdth, High 


Enable Pulse Widıh, Low 
Setup Time, Address and R/W valid to Enable positive transistion 
Data Delay Time 
Data Hold Time 
Address Hold Tıme 
Rise and Fall Tıme for Enable input 
WRITE (Figures 8 and 9) 
Enable Cycie Time 
Enable Pulse Width, High 
Enable Pulse Width, Low 
Setup Tıme, Address and A/W valıd to Enable positive transition 
Data Setup Time 
Data Hold Time 
Address Hold Time 


Rise and Fall Time for Enable ınput - Ls:1| - 13851 - [23 [ee] 
(A) MOTOROLA Semiconductor Products Inc. 
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FIGURE 1 - CLOCK PULSE WIDTH, LOW-STATE FIGURE 2 - CLOCK PULSE WIDTH, HIGH-STATE 


FIGURE 4 — RECEIVE DATA SETUP TIME 
(+1 Mode} 


20V 
Au Data 
0.8v 
tADSU 


An Clock 
08V 


FIGURE 3 — TRANSMIT DATA OUTPUT DELAY 


Tx Data 


FIGURE 5 — RECEIVE DATA HOLD TIME FIGURE 6 — REQUEST-TO-SEND DELAY AND 
{+1 Mode} INTERAUPT-REQUEST RELEASE TIMES 


Ensble 


FIGURE 7 — BUS READ TIMING CHARACTERISTICS FIGURE 8 — BUS WRITE TIMING CHARACTERISTICS 
(Read information from ACIA) {Write informstion into ACIA) 


Enable 


RS.CS.R/W 


Dats Bus 


Oxta Bus 


SEIFE (A) MOTOROLA Semiconductor Products Inc. 
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FIGURE 8 — BUS TIMING TEST LOADS 


Load A LosadB 
100.07. ATS, Tun Data! (IRQ Only) 
50V 50V 
RL=26% Ik 
Test Point MMOGISC Tesı Point 
or kuumv 
c A 100 pF 
MMO 7000 
or Eauiv. 
€ = 130 pF 10: 0007 A= 11.7 K0 for D0-D7 
=30»F for RTSancı Tu Dara = 24 Sl for ATS and Tu Osts 


EXPANDED BLOCK DIAGRAM 


Transmir Clock 4 


Parity 
Gen 


Ensble 14 


Resd/Write 13 
Chip Select 0 8 
Chip Select 1 10 


Chip 
Select 


Transmit 
Shitt 


Transmit 


6 Transmıt Data 


Control 


Register Select 11 


24 Ciesr 10-Send 


7 interrupt Aequest 


23 Data Carrier Datect 


5 Asquest-ioSend 


Contro! 
Register 


Aeceive 
Shift 
Register 


Asceive 
Data 
Register 


Voo * Pin 12 
Vo "Pin 


2 Receive Data 


Asceive Clock 3 


DEVICE OPERATION registers are Status and Receive Data; the write-only 


At the bus interface, the ACIA appears as two address- registers are Control and Transmit Data. The serial inter- 
able memory locations. Internally, there are four registers: face consists of serial input and output lines with inde- 
two read-only and two write-only registers. The reackonly pendent clocks, and three peripheral/modem control lines. 


(M) MOTOROLA Semiconductor Products Inc. 
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POWER ON/MASTER RESET 


The master reset (CRO, CR1) should be set during 
system inıtialization to insure the reset condition and 
prepare for programming the ACIA functional configu- 
ration when the communications channel is required. 
Control bits CR5 and CR6 should also be programmed to 
define the state of ARTS whenever master reset is utilized. 
The ACIA also contaıns internal power-on reset logic to 
detect the power lıne turn-on transition and hold the chip 
in a reset state to prevent erroneous output transitions 
prior to initializatıon. This cırcumtiy depends on clean 
power turn-on transitions. The power-on reset is released 
by means of the bus-proyrarmmed master reset which must 
be applied prior to operating the ACIA. After master 
resetting the ACIA, the programmable Control Register 
can be set for a number of options such as variable clock 
divider ratios, variable word length, one or two stop bits, 
parity (even, odd, or none), etc. 


TRANSMIT 

A typical transmitting sequence consists of reading 
the ACIA Status Register either as a result of an interrupt 
or in the ACIA’s turn in a polling sequence. A character 
may be written into the Transmit Data Register if the 
status read operation has indicated that the Transmit 
Data Register is empty. This character is transferred to a 
Shift Register where it is serialized and transmitted from 
the Transmit Data output preceded by a start bit and 
followed by one or two stop bits. Internal parity {odd or 
even) can be optionally added to the character and will 
occur between the last data bit and the first stop bit. 
After the first character is written in the Data Register, 
the Status Register can be read again to check for a 
Transmit Data Register Empty condition and current per- 
ipheral status. If the register is empty, another character 
can be loaded for transmission even though the first 
character is in the process of being transmitted (because 
of double buffering). The second character will be auto- 
matically transferred into the Shift Register when the first 
character transmission is completed. This sequence con- 
tinues until all the characters have been transmitted. 


RECEIVE 


Data is received from a peripheral by means of the 
Receive Data input. A divide-by-one clock ratio is pro- 
vided for an externally synchronized clock (to its data) 
while the divide-by-16 and 64 ratios are provided for 
internal synchronization. Bit synchronization in the 
divide-by-16 and 64.modes is initiated by the detection of 
the leading mark-to-space transition of the start bit. 
False start bit deletion capability insures that a full half 
bit of a start bit has been received before the internal 
clock is synchronized to the bit time. As a character is 
being received, parity (odd or even) will be checked and 
the error indication will be available in the Status Register 
along with framing error, overrun error, and Receive Data 
Register full. In a typical receiving sequence, the Status 
Register is read to determine if a character has been re- 
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ceived from a peripheral. If the Receiver Data Register is 
full, the character is placed on the 8-bit ACIA bus when a 
Read Data command is received from the MPU. When 
parity has been selected for an 8-bit word (7 bits plus 
parity), the receiver strips the parity bit (D7 = O) so that 
data alone is transferred to the MPU. This feature reduces 
MPU programming. The Status Register can continue to 
be read again to determine when another character is 
available in the Receive Data Register. The receiver is 
also double buffered so that a character can be read from 
the data register as another character is being received 
in the shift register. The above sequence continues until 
all characters have been received. 


INPUT/OUTPUT FUNCTIONS 


ACIA INTERFACE SIGNALS FOR MPU 


The ACIHA interfaces to the MC6800 MPU with an 8-bit 
bi-directional data bus, three chip select lines, a register 
select line, an interrupt request line, read/write line, and 
enable line. These signals, in conjunction with the 
MC6800 VMA output, permit the MPU to have complete 
control over the ACIA. 

ACIA Bi-Directional Data (DO-D7) — The bi-directional 
data lines (DO-D7) allow for data transfer between the 
ACIA and the MPU. The data bus output drivers are 
three-state devices that reınain in the high-impedance 
{off) state except when the MPU performs an ACIA 
read operation. 

ACIA Enable (E) — The Enable signal, E, is a high 
impedance TTL compatible input that enables the bus 
input/output data buffers and clocks data to and from 
the ACIA. This signal will normally be a derivatıve of 
the MC6800 92 Clock. 

Read/Write (R/W) - The Read/Write line is a high 
impedance input that is TTL compatible and is used to 
control the direction of data flow through the ACIA’s 
input/output data bus interface. When Read/Write is 
high {MPU Read cycle), ACIA output drivers are turned 
on and a selected register is read. When it is low, the 
ACIA output drivers are turned off and the MPU writes 
into a selected register. Therefore, the Read/Write 
signal is used to select read-only or write-only registers 
within the ACIA. 

Chip Select (CSO, CS1, CS2) — These three high im- 
pedance TTL compatible input lines are used to addıess 
the ACIA. The ACIA is selected when CSO and CS1 are 
high and CS2 is low. Transters of data to and from the 
ACIA are then performed under the control of the Enable 
signal, Read/Write, and Register Select. 

Register Select (RS) — The Register Select line is a 
high impedance input that is TTL compatible. A high 
level is used to select the Transmit/Receive Data Registers 
and a low level the Control/Status Registers. The Read/ 
Write signal line is used in conjunction with Register 
Select to select the read-only or write-only register in each 
register pair. 

Interrupt Request (IRQ) — Interrupt Request is a TTL 


compatible, open-drain (no internal pullup), active low 
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output that is used to interrupt the MPU. The TRÜ output 
remains low as long as the cause of the interrupt is present 
and the appropriate interrupt enable within the ACIA is 
set. The IRQ status bit, when high, indicates the IRÜ 
Output is in the active state. 

Interrupts result from conditions in both the trans- 
mitter and receiver sections of the ACIA. The transmitter 
section causes an interrupt when the Transmitter Interrupt 
Enabled condition is selected (CR5 : TR6), and the 
Transmit Data Register Empty (TDRE) status bit is high. 
The TDRE status bit indicates the current status of the 
Transmitter Data Register except when inhibited by 
Ciear-to-Send (CTS) being high or the ACIA being 
maintained in the Reset condition. The interrupt is cleared 
by writing data into the Transmit Data Register. The 
interrupt is masked by disabling the Transmitter Interrupt 
via CRS or CR6 or by the loss of CTS which inhibits the 
TDRE status bit. The Receiver section causes an interrupt 
when the Receiver Interrupt Enable is set and the Receive 
Data Register Full (RDRF) status bit is high, an Overrun 
has occurred, or Data Carrier Detect (DCD) has gone high. 
An interrupt resulting from the RDRF status bit can be 
cleared by reading data or resetting the ACIA. Interrupts 
caused by Overrun or loss of DCD are cleared by reading 
the status register after the error condition has occurred 
and then reading the Receive Data Register or resetting 
the ACIA. The receiver interrupt is masked by resetting 
the Receiver Interrupt Enable. 


CLOCK INPUTS 

Separate high impedance TTL compatible inputs are 
provided for clocking of transmıtted and received data. 
Clock frequencies ol 1, 16 or 64 times the data rate may 
be selected. 

Transmit Clock (Tx CIk} — The Transmit Clock input 
is used for the clocking of transmitted data. The trans- 
mitter initiates data on the negative transition of the 
clock. 

Receive Clock (Rx CIk) — The Receive Clock input is 
used for synchronization of received data. (In the = 1 
mode, the clock and data must be synchronized exter- 
nally.} The receiver samples the data on the positive 
transıton ol the clock. 


SERIAL INPUT/OUTPUT LINES 

Receive Data (Rx Data) - The Receive Data line ıs a 
high impedance TTL compatible input through which data 
is received in a serial format. Synchronization with a 
clock for detection of data is accomplished internally 
when clock rates ol 16 or 64 times the bit rate are used. 
Data rales are in the range of O to 500 kbps when external 
synchronization is utilized. 

Transmit Data (Tx Data) - The Transmit Data output 
line transfers serial data to a modem or other peripheral. 
Data rates are in the range of O to 500 kbps when external 
synchronization is utilized. 

PERIPHERAL/MODEM CONTROL 
The ACIA includes several functions that permit limited 
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control of a peripheral or modem. The functions included 
are Clear-to-Send, Request-to-Send and Data Carrier De- 
tect. 

Clear-to-Send (CTS) - This high impedance TTL com- 
patible input provides automatic control of the trans- 
mitting end of a communications link via the modem 
Clear-to-Send active low output by inhibiting the Trans- 
mit Data Register Empty (TDRE) status bit. 

Request-to-Send (RTS) — The Request-to-Send output 
enables the MPU to control a peripheral or modem via 
the data bus. The ARTS output corresponds to the state 
of the Control Register bits CR5 and CR6. When CR6 = 
0 or both CR5 and CR6 = 1, the ATS output is low (the 
active state). This output can also be used for Data 
Terminal Ready (DTR). 

Data Carrier Detect (DCD) - This high impedance 
TTL compatible input provides automatic control, such 
a5 in the receiving end ol a communications link by means 
ol a modem Data Carrier Detect output. The DCD input 
inhibits and initializes the receiver section of the ACIA 
when high. A low to high transition ol the Data Carrier 
Detect initiates an interrupt to the MPU to indicate the 
occurrence of a loss of carrier when the Receive Interrupt 
Enable bit is set. 


ACIA REGISTERS 


The expanded block diagram for the ACIA indicates 
the internal registers on the chip that are used for the 
status, control, receiving, and transmitting of data The 
content of each of the regısters ıs summarızed ın Table 1. 


TRANSMIT DATA REGISTER (TDR) 


Data ıs written ın the Transmit Data Register during 
the negative transıtion of the enable (E) when the ACIA 
has been addressed and RS » R/W is selected. Writing 
data into ıhe register causes the Transmit Data Register 
Empty bit in the Status Register to go low. Data can then 
be transmitted. If the transmitter is idling and no cnar- 
acter is being transmitted, then ıhe transfer wıll take 
place within one bit time of the trailing edge of the 
Write command. If a character is being transmıtted, the 
new data character will commence as soon as the previous 
character is complete. The transfer of data causes the 
Transmit Data Register Empty (TDRE) bit to indicate 
empty. 


RECEIVE DATA REGISTER (RDR) 

Data is automatically transferred to the empty Receive 
Data Register (RDR) from the receiver deserializer (a 
shift register) upon receiving a complete character. This 
event causes the Receive Data Register Full bit (RDRF) 
in the status buffer to go high (full). Data may then be 
read through the bus by addressing the ACIA and selecting 
the Receive Data Register with RS and R/W high when 
the ACIA is enabled. The non-destructive read cycle 
causes the RDAF bit to be cleared to empty although 
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TABLE 1 — DEFINITION OF ACIA REGISTER CONTENTS 


RS R/W RS RW RS RW RSermw 

Transmit Asceive 
Data Data 

Register Register 


Control Status 
Register Regaster 


Data Bır 0° Das Bıı Oö Counter Divide RAaceıve Data Aegıster 
Selecı 1 ICAO) Full (RDAFI 
Tranamıt Data Aegırter 


OstaBit l Counter Divide 
Select 2ICAI) Empty (TDRE) 


(CR2} (DC6) 
Word Select 2 Tiear 10 Send 
En Era 
BEE HELL HE HE 
(CA) 
Transmit Control 1 Alecewer Ovarun 
a a 
ICR6) 
Enable (CA?) wre) 
* Leading bıt = LSB = Bit OÖ 


*" Data bit will be zero in 7 bit plus parity modes 
*** Data bit is "don’i care” in 7.bit plus parity modes. 


the data is retained in ıihe RDR. The status is maintained Select bits are used to select word length, parity, and the 
by RDRF as to whether or not the data is current. When number of stop bits. The encoding format is as follows: 
the Receive Data Register is full, the automatic transfer 
of data from the Receiver Shift Register to the Data 
Register is inhibited and the RDR contents remain valid 
with its current status stored in the Status Register. 


7 Bits + Even Parity + 2 Stop Bits 
7 Bits + Odd Parity + 2 Sıop Bits 
7 Bits + Even Parity + 1 Stop Bit 
7 Bits + Odd Parity + 1 Stop Bit 
8 Bits + 2 Stop Bits 

8 Bits + 1 Stop Bit 

8 Bits + Even Parity + 1 Stop Bit 
8 Bits + Odd Parity + 1 Stop Bit 


CONTROL REGISTER 

The ACIA Control Register consists of eight bits of 
write-only buffer that are selected when RS and R/W are 
low. This register controls the function of the receiver, 


° 
° 
o 
° 
1 
1 
ı 
1 


-=0-0-.0=-0 


Ze 


;  transmitter, interrupt enables, and the Aequest-to-Send Word length, Parity Select, and Stop Bit changes are 

peripheral/modem control output. not buffered and therefore become effective immediately. 
Counter Divide Select Bits {CRO and CR1) — The 

Counter Divide Select Bits (CRO and CR) determine the Transmitter Control Bits (CR5 and CR6) — Two 
divide ratios utilized in both the transmitter and receiver Transmitter Control bits provide for the control of the 
sections of the ACIA. Additionally, these bits are used 10 interrupt from the Transmit Data Register Empty con- 
provide a master reset for the ACIA which clears the dition, the Request-to-Send (ATS) output, and the 
Status Register (except for external conditions on CT5 transmission of a Break level (space). The following 
and ÖCD) and initializes both the receiver and transmitter. encoding format is used: 


Master reset does not affect other Control Register bits. 
Note that after power-on or a power fail/restart, these 
bits must be set high to reset the ACIA. After reseting, the 
clock divide ratio may be selected. These counter select ATS = Jow, Transmitting Interrupt Disabled. 
bits provide for the following clock divide ratios: 


ATS = low, Transmitting Interrupt Enabled. 

ATS « high, Transmitting Interrupt Dissbled. 

ATS = low, Transmits a Break level on the 
Tranımıt Output. Transmitting 
Interrupt Disabled. 


+64 Receive Interrupt Enable Bit (CR7) — The following 
Master Reset interrupts will be enabled by a high level in bit position 7 
of the Control Register (CR7}: Receive Data Register Full, 
Overrun, or a low to high transistion on the Data Carrier 
Word Select Bits (CR2, CR3, and CR4) — The Word Detect (DCD) signal line. 


(M) MOTOROLA Semiconductor Products Inc. 


581 


STATUS REGISTER 

Information on the status of the ACIA is available to 
the MPU by reading the ACIA Status Register. This 
read-only register is selected when RS ıs low and R/W 
is high. Information stored in this register indicates the 
status ol the Transmit Data Register, the Receive Data 
Register and error logic, and the peripheral/modem status 
inputs of the ACIA. 

Receive Data Register Full (RDRF), Bit O -- Receive 
Data Register Full indicates that received data has been 
translerred to ıhe Receive Data Register. ADRF is cleared 
after an MPU read of the Receive Data Register or by a 
master reset. The cleared or empty state indicates that 
the contents of the Receive Data Register are not cür- 


Clear-to-Send Status bit. 

Framing Error (FE), Bit 4 — Framing error indicates 
that the received character is improperly framed by a 
start and a stop bit and is detected by the absence of the 
Ist stop bit. This error indicates a synchronization error, 
faulty transmission, or a break condition. The framing 
error flag is set or reset during the receive data transfer 
time. Therefore, this error indicator is present through- 
out the time that the associated character is available. 

Receiver Overrun (OVAN), Bit 5 -— Overrun is an 
error flag that ındıcates that one or more characters in 
the data stream were lost. That is, a character or a 
number of characters were received but not read from the 
Receive Data Register (RDR) prior to subsequent char- 


acters being received. The overrun condition begins at 
the midpoint of the last bit of the second character re- 
ceived in succession without a read ol the RDR having 
occurred. The Overrun does not occur in the Status 
Register until the valid character prior to Overrun has 
been read. The RORF bit remains set until the Overrun 
is reset. Character synchronization is maintained during 
the Overrun condition. The Overrun indication is reset 
after the reading of data from the Receive Data Register 
or by a Master Reset. 

Parity Error (PE), Bit 6 — The parity error flag indi- 
cates that the number of highs (ones) in the character 
does not agree with the preselected odd or even parity. 
Odd parity is defined to be when the total number of ones 
ıs odd. The parity error indication will be present as long 
as the data character is in the ADR. If no parity is 
selected, then both the transmitter parity generator out- 
put and the receiver parity check results are inhibited. 


Interrupt Request (IRQ), Bit 7 — The IRQ bit indi- 
cates the state of the IRÜ output. Any interrupt condi- 
tion with its applicable enable will be indicated in this 
status bit. Anytime the IRÖ output is low the IRQ bit 
will be high to indicate the interrupt or service request 
status. IRQ is cleared by a read operation to the Receive 
Data Register or a write operation to the Transmit 
Data Register. 


rent. Data Carrier Detect being high also causes RDRF 
to indicate empty. 

Transmit Data Register Empty (TDRE), Bit 1 - The 
Transmit Data Register Empty bit being set high indicates 
that the Transmit Data Register contents have been trans: 
ferred and that new data may be entered. The low state 
indicates that the register is full and that transmission of 
a new character has not begun since the last write data 
command. 


Data Carrier Detect [DCD], Bit 2 — The Data Carrier 
Detect bit will be high when the DCD input from a modem 
has gone high to indicate that a carrier is not present. 
This bit going high causes an Interrupt Request to be 
generated when the Receive Interrupt Enable is set. It 
remains high after the DCD input is returned low until 
cleared by first reading the Status Register and then the 
Data Register or until a master reset occurs. If ıhe DCD 
input remains high after read status and read data or 
master reset has occurred, the interrupt is cleared, the 
DCD status bit remains high and will follow the DCD input. 

Clear-to-Send (CT$), Bit 3 — The Clear-to-Send bit 
indicates the state ol the Clear-to-Send input from a 
modem. A low CTS ındicates that there is a Clear-to-Send 
from the modem. In the high state, the Transmit Data 
Register Empty bit is inhibited and the Clear-to-Send 
status bit will be high. Master reset does not affect the 
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(M) MOTOROLA (1.0 MHz) 


MC68A52 
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SYNCHRONOUS SERIAL DATA ADAPTER (SSDA)} (2.0 MHz) 


The MC6852 Synchronous Serial Data Adapter provides a bi- 
directional serial interface for synchronous data information inter- 
change. It contains interface logic for simultaneousiy transmitting 
and receiving standard synchronous communications characters in 
bus organized systems such as the M6800 Microprocessor systerns. M os 

‚The bus interface of the MC6852 includes select, enable, read/ IN-CHANNEL, SILICON-GATE) 
write, interrupt, and bus interface logic to allow data transfer 
over an 8-bit bi-directional data bus. The parallel data of the bus 
systern is serially transmitted and received by the synchronous data SYNCHRONOUS 
interface with synchronization, fill character insertion/deletion, and SERIAL DATA 
error checking. The lunctional configuration of the SSDA is pro- ADAPTER 
grammed via the data bus during system inıtialızation. Programmable 
control registers provide control for variable word lengths, transmit 
control, receive control, synchronization control, and interrupt 
control. Status, timing and control lınes provide peripheral or 
modem control. 

Typicat applıcations include floppy disk controllers, cassette or 
cartrıdge tape controllers, data communications terminals, and 
numerscal control systems. 

Programmable Interrupts from Transmitter, Receiver, and Error 

Detection Logic 

Character Synchronizatıon on One or Two Sync Codes 

External Synchronization Available for Parallel-Serial LSUFFIX 

Operation CERAMIC PACKAGE 

Programmable Sync Code Regıster CASE 716 

Up to 600 kbps Transmission 


Peripheral/Modem Control Functions 

Three Bytes of FIFO Buffering on Both Transmit and Receive 
Seven, Eight, or Nine Bit Transmission 

Optional Even and Odd Parıty 

Parity, Overrun, and Undertlow Status 


NOT SHOWN: P SUFFIX 


PLASTIC PACKAGE 
CASE 7089 


ORDERING INFORMATION MC6852 SYNCHRONOUS SERIAL DATA ADAPTER 


BLOCK DIAGRAM 
| Sud | Dei | Tempwature Range] 


1.0 MHz MC6852P,L O to 70°C Kadras/Conirei 
MC6852CP.CL —40 t0 +85°C and Interrupt 
MIL-STO-8838 MC6852BJC5 55 t0 +125°C 


MIL-STD-883C MC6852CJCS 
Peripheral/ 
an Cana 
MC6EBAS2CP.CL —40 to +85°C Control 


mossesmı | __ower®e | 


Tranmmirt 
Oata 
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MAXIMUM RATINGS 


Operating Tempersture Range-TL to TH Te TH This device contains circuitry to protect 
MC6852, MC68A52, MC68852 010 +70 the inputs sgsinst damage due to high 
MC6852C, MC68AB2C -40 10 +85 static voltages or electric fields; however, 
MC68008JCS, MC6852C.JCS -55 to +125 6 is advised that normal precautions be 

Storage Tempersture Range taken to avoid application of any voltage 

higher than maximum rated voltages to 
Tasrmal Heiintandı this high impedance circuit. 


Plastic Package 
Ceramic Package 


ELECTRICAL CHARACTERISTICS 


IV -»50Vt5% Vs 0. Ta = TL to Ti unless otherwise noted.) 


Charscteristic 
Input High Voltage 
Input Low Voltage 
Input Leakage Current 
{Vin 0. t0 9 25 Vach 
Three State {Off State) Input Current 
(Vin : 04 10 24 Vek, Vec 5.25 Veh 
Output High Voltage . 
ULoad * -205 uAdkc. Enable Pulse Wıdth <25 us) DO--D/ 
Load * -100 wAdc, Enable Pulse Wıdıh <25us) 
Tx Data, DTA, TUF 
Output Low Voltage 
U oag : 1.6 ımAdc, Enable Pulse Widih < 25 us! 
Output Leakage Curreni {Ol Sıate) 
(vVoH 2.4 Voc) 
Power Dissipation 
Input Capacitance 
Wın 0, Ta 25%C,1 1.0 MHrI 
All Other Inpuis 


Output Capacıtance Tx Date, SM/DTR, TUF 
Win- 0.Ta 250°C,1- 10 MHa IRG 


ELECTRICAL CHARACTERISTICS Ivec :50V:5%.Vsg : 0.Ta - TL to Ty unless otherwise no1ed.) 


Characteristic 
Minimum Ciock Pulse Width, Low (Figure 1] 
Minimum Clock Pulse Width, High (Figure 2) 
Clock Frequency 
Receive Data Setup Tıme (Figure I, 7) 
Receive Data Hold Time (Figure 3) 
Sync Match Delay Time (Figure 3) Ks) 
Clock-to-Data Delay tor Transmitter (Figure 4 
Transmitter Under flow (Figure 4, 6) 
DTA Detay Time (Figure 5) 
Interrupt Request Release Tirre (Fıgure 5) 
Aeset Minımum Pulse Width 
ECTS Setup Time (Figure 6) 
DED Setup Tıme (Figure 7) 
Input Rıse and Fall Tımes texcept Ende 
(0.8 V 02.0 V) Ss 
*1.0 us or 10% of the pulse width, whichever is smaller 


FIGURE 1 - CLOCK PULSE WIDTH, LOW-STATE FIGURE 2 - CLOCK PULSE WIDTH. HIGH STATE 


Ax Cık R N 
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BUS TIMING CHARACTERISTICS 


Rise and Fall Time for Enable input 


FIGURE 3 — RECEIVE DATA SETUP AND HOLD TIMES AND SYNC MATCH DELAY TIME 


Number of bits in character 
Don't core 
Sync Match 


1 Ax Cik 
Period 
FIGURE 4 — TRANSMIT DATA OUTPUT DELAY AND FIGURE 5 - DATA TERMINAL READY AND INTERRUPT 
TRANSMITTER UNDERFLOW DELAY TIME REQUEST RELEASE TIMES 


Enable 


n = Number of bitı in character 


“Ta Cik High 
Perlod 
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FIGURE 6 - ELEAR-TO-SEND SETUP TIME FIGURE 7 - DATA CARRIER DETECT SETUP TIME 


FIGURE 8 — BUS READ TIMING @HARACTERISTICS FIGURE 9 — BUS WRITE TIMING CHARACTERISTICS 
{Ased information from SSDA) (Write information into SSDA) 


tas 
Enabie 


Data Bus 


FIGURE 10 — BUS TIMING TEST LOADS 


Load A Load 8 
(00-07, DTA, Tx Data, TUF) RA Only) 


s0ov sov 

AlL=265K Ih 
Tent Point MMDS150 Tesı Point 

or Euuw 


100 pF 
MMD 7000 
or Euuw 


€ = 130 pf for DO-D? RA=r 11.7uN tor DO D? 
= 30 pfF tor DTA, Ta Dats, and TUF = 24 N for DTRA, Tu Data, and TUF 
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DEVICE OPERATION 


At the bus interface, the SSDA appears as two address- 
able memory locations. Internally, there are seven registers: 
two read-only and five write-only registers. The read-only 
registers are Status and Receive Data; the write-only 
registers are Control 1, Control 2, Control 3, Sync Code 
and Transmit Data. The serial interface consists of serial 
input and output lines with independent clocks, and 
four peripheral/modem control lines. 

Data to be transmitted is transferred directiy into the 
3.byte Transmit Data First-In First-Out (FIFO) Register 
from the data bus. Availability of the input to the FIFO is 
indicated by a bit in the Status Register; once data is 
entered, it moves through the FIFO to the last empty 
location. Data at the output of the FIFO is automatically 
transferred from the FIFO to the Transmitter Shift 
Register as the shift register becomes available to transmit 
the next character. If data is not available from the FIFO 
{underflow condition), the Transmitter Shift Register is 
automatically loaded with either a sync code or an all 
"1''s character. The transmit section may be programmed 
to append even, odd, or no parity to the transmitted word. 
An external control line (Clear-to-Send} is provided to 
ınhibit the transmitter without clearing the FIFO. 

Serial data is accumulated in the receiver based on the 
synchronization mode selected. In the external sync mode, 
used for parallel-serial operation, the receiver is syn: 
chronized by the DCD (Data Carrier Detect) input and 
transfers successive bytes of data to the input of the 
Receiver FIFO. The single-sync-character mode requires 
that a match occur between the Sync Code Register and 
one incoming character before data transfer to the FIFO 
begins. The two-sync-character mode requires that two 
sync codes be received in sequence to establish syn- 
chronization. Subsequent to synchronization in any mode, 
data is accumulated in the shift register, and parity is 
optionally checked. An indication of parity error is 
carried through the Receiver FIFO with each character 
to the last empty location. Availability of a word at the 
FIFO output is indicated by a bit in the Status Register, 
as is a parity error. 

The SSDA and its internal registers are selected by the 
address bus, Read/Write (R/W} and Enable control lines. 
To configure the SSDA, Control Registers are selected 
and the appropriate bits set. The Status Register is 
addressable for reading status. 

Other I/O lines, in addition to Tlear-to-Send (CT5) and 
Data Carrier Detect (DCD), include SM/DTR (Sync Match/ 
Data Terminal Ready) and Transmitter Underflow (TUF). 
The transmitter and receiver each have individual clock 
inputs allowing simultaneous operation under separate 
clock control. Signals to the microprocessor are the Data 
bus and Interrupt Request (IRQ). 


INITIALIZATION 


During a power-on sequence, the SSDA is reset via the 
Reset ınput and internally latched in a reset condition to 
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prevent erroneous output transitions. The Sync Code 
Register, Control Register 2, and Control Register 3 should 
be programmed prior to the programmed release of the 
Transmitter and/or Receiver Reset bits; these bits in 
Control Register 1 should be cieared after the Aeset line 
has gone high. 


TRANSMITTER OPERATION 


Data is transferred to the transmitter section in parallel 
form by means of the data bus and Transmit Data FIFO. 
The Transmit Data FIFO is a 3-byte register whose status 
is indicated by the Transmitter Data Register Available 
status bit (TDRA) and its associated interrupt enable 
bit. Data is transferred through the FIFO on negative 
edges of Enable (E} pulses. Two data transfer modes are 
provided in the SSDA: The 1-byte transfer mode provides 
for writing data to the transmitter section (and reading 
from the receiver section) one byte at a time. The 2-byte 
transfer mode provides for writing two data characters 
in succession. 

Data will automatically transfer from the last register 
location in the Transmit Data FIFO (when it contains 
data) to the Transmitter Shift Register during the last 
half of the last bit of the previous character. A character 
is transferred into the Shilt Register by the Transmitter 
Clock. Data is transmitted LSB first, and odd or even 
parity can be optionally appended. Theunused bit positions 
in short word length characters from the data bus are 
“don’t cares”. (Note: The data bus inputs may be reversed 
lor applications requiring the MSB to be translerred first, 
e.g., IBM format for floppy disks; however, care must be 
taken to properly program the control registers — Table 1 
will have its bit positioris reversed.) 

When the Shift Register becomes empty, and data 
is not available for transfer from the Transmit Data FIFO, 
an "underflow’ occurs, and a character ts inserted into the 
transmitter data stream to maintain character synchroni- 
zation. The character transmitted on underflow will be 
either a ''Mark” (all ''1’’s) or the contents of the Sync 
Code Register, depending upon the state of the Transmit 
Sync Code on Underflow control bit. The underflow 
condition is indicated by a pulse (=1 Tx CIk high period) 
on the Underflow output {when in Tx Sync on underflow 
mode). The Underflow output occurs coincident with the 
transfer of the last half of the last bit preceding the under- 
flow character. The Underflow status bit is set until 
cleared by means of the Clear Underflow control bit. 
This output may be used in floppy disk systems to syn- 
chronize write operations and for appending CRCC. 

Transmission is initiated by clearing the Transmitter 
Reset bit in Control Register 1. When the Transmitter 
Reset bit is cleared, the first full positive half-cycle of 
the Transmit Clock will initiate the transmit cycle, with the 
transmission of data or underflow characters beginning on 
the negative edge of the Transmit Clock pulse which started 
the cycle. If the Transmit Data FIFO was not loaded, 
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an underflow character will be transmitted (see Figure 4). 

The Clear.to-Send (CT) input provides for automatic 
control of the transmitter by means of external system 
hardware; e.g., the modem CTS5 output provides the con- 
trol in a data communications system. The CTS input 
resets and inhibits the transmitter section when high, 
but does not resel the Transmit Data FIFO. The TDRA 
status bit ıs inhibited by CT being high in either the one- 
sync character or two-sync-character mode of operation. 
In Ihe external sync mode, TURA ıs unaffected by CT3 in 
order to provide Transmit Data FIFO status for pre- 
toading and operating the transmitter under the control 
of tne CTS ınput. When the Transmitter Reset bit (Tx Rs) 
is set, the Transmit Data FIFO ıs cleared and the TDRA 
status bıt is cleared. Alter one E clock has occurred, the 
Transmit Data FIFO becomes available for new data with 
TDRA inhibited. 


RECEIVER OPERATION 

Data and a presynchronized clock are provided to the 
SSDA receiver section by means of the Receive Data 
{Rx Data) and Receive Clock (Rx Cik} ınputs. The data 
is a continuous stream of binary data bits without means 
tor identifyıng character boundaries within the stream. 


It is, therefore, necessary to achieve character synchro- 


nızation for the data at the beginning of the data block. 
Once synchronization is achıeved, it is assumed to be 
retained for all successive characters within the block. 

Data communications systems utilıze the detection 
ol sync codes during the ınıtial portion of the preamble 10 
establish character synchronization. This requires the 
detection of a single code or two successive sync codes. 
Floppy disk and carlrıdge tape units 1equire sixteen bits 
of defined preamble and cassettes require aight bits ol 
preamole to establish the reference for the start ol record. 
All three are fur:ctionally equivalent to the detection of 
sync codes. Systems which do not utilize code detection 
techniques require custom logic external to the SSDA Tor 
character synchronızation and use of the parallel-to-serial 
(external sync) mode. (Note: The Receiver Shift Register 
is set t0 ones when reset ) 


SYNCHRONIZATION 


The SSDA pruvides three operating modes with respect 
to character synchronization: one sync-character mode, 
two-sync-character mode, and external sync mode. The 
external sync mode requires synchronization and control 
of the receiveing section through the Data Carrier Detect 
(DCD) input {see Figure 7). This external synchronization 
could consist ol direct line control from the transmitting 
end of the serial data link or from external logic designed 
to detect the start of the message block. The one-sync- 
character mode searches on a bit-by-bit basis until a match 
is achieved between the data in the Shift Register and the 
Sync Code Register. The match indicates character 
synchronization is complete and will be retained for the 
message block. In the two-sync-character mode, the 
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receiver searches for the first sync code match on a bit- 
by-bit basis and then looks for a second successive sync 
code character prior to establishing character synchroni- 
zation. If the second sync code character is not received, 
the bit-by-bit search for the first sync code is resumed. 

Sync codes received prior to the completion of syn- 
chronization (one or two character) are not transferred to 
the Receive Data FIFO. Redundant sync codes during the 
preamble or sync codes which occur as "fill characters’’ 
can automatically be stripped from the data, when the 
Strip Sync control bit is set, to minimize system loadıng. 
The character synchronization will be retained until 
cleared by means of the Clear Sync bit, which also inhibits 
synchronization search when set. 


RECEIVING DATA 


Once synchronization has been achieved, subsequent 
characters are automatically transferred into the Receive 
Data FIFO and clocked through the FIFO to the last 
empty location by E pulses (MPU System $2). The 
Receiver Data Available status bit (RDA) indicates when 
data is available to be read from the last FIFO location 
(#3) when in the 1-byte transfer mode. The 2-byte transler 
mode causes the ADA status bit to indicate data is avail- 
able when the last two FIFO register locations are full. 
Data being available in the Receive Data FIFO causes an 
ınterrupt request if the Receiver Interrupt Enable (RIE) 
bit is set. The MPU will then read the SSDA Status Regıs- 
ter, which will indicate that data is available for the MPU 
read Irom the 'Receive Data FIFO register. The IRQ and 
RDA status bits are reset by a read from the FIFO. It 
more than one character has been received and is resident 
ın the Receive Data FIFO, subsequent E clocks will cause 
the FIFO to update and the RDA and IRQ status bits 
will again be set. The read data operation for the 2-byte 
transfer mode requires an ıintervening E clock between 
reads to allow the FIFO data to shift. Optional parıty 
ıs automatically checked as data is received, and ıhe 
parıty status condıtion is maintained with each character 
until ıhe data is read from the Receıve Data,FIFO. Parity 
errors will cause an interrupt request ıf the Error Interrupt 
Enable (EIE) has been set. The parity bit is not Lrans- 
ferred to the data bus but must be checked ın the Status 
Register. NOTE: In ıhe 2-byte transfer mode, parıty 
should be checked prior to readıng the second byte, 
since a FIFO read clears the error bit. 

Other status bits which pertain to the receiver section 
are Receiver Overrun and Data Carrier Detect (DCD). 
The Overrun status bit is automatıcally set when a transfer 
of a character to the Receive Data FIFO occurs and the 
first register of the Receive Data FIFO is full. Overrun 
causes an interrupt il Error Interrupt Enable (EIE) has 
been set. The transfer of the overrunning character ınto 
the FIFO causes the previous character in the FIFO 
input register location to be lost. The Overrun status bit 
ıs cleared by reading the Status Regıster (when the overrun 
condition is present). followed by a Receive Data FIFO 
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Register read Overrun cannot occur and be cleared 
without providıng an opportunity to detect its occur- 
rence via the Status Aegıster 

A positive transition on the DCD input causes an 
interrupt if the EIE control bit has been set. The interrupt 
caused by DTD ıs cleared by readıng the Status Register 
when the DCD status bıt ıs high, followed by a Receive 
Data FIFO read. The DCD status bit will subsequentiy 
tollow the state of the DCD ınput when it goes low. 


INPUT/OUTPUT FUNCTIONS 


SSDA INTERFACE SIGNALS FOR MPU 


The SSDA ınterfaces to the MC6800 MPU wıth an B-bit 
bi-directional data bus, a chıp select line, a register select 
line, an interrupt request lıne, read/write Iıne, an enable 
line, and a reset line. These signals, in conjunction with 
the MC6800 VMA output, permit the MPU to have com- 
plete controi over the SSDA 


SSDA Bi-Directional Data (DO-D7) - The bi-directional 
data lines (DO-D7) allow for data transfer between the 
SSDA and the MPU. The data bus output drivers are three- 
state devices that remain in the high-impedance (off) state 
except when the MPU performs an SSDA read operation. 

SSDA Enable (E) - The Enable signal, E, is a high 
impedance TTL compatible input that enables the bus 
input/output data buffers, clocks data to and from the 
SSDA, and moves data through the FIFO Registers. 
This signal is normally the continuous MC6800 System 
#2 clock, so that incoming data characters are shifted 
through the FIFO. 

Read/Write {A/W) - The Read/Write line is a high 
impedance input that is TTL compatible and is used 
to control the direction of data flow through the SSDA’s 
input/output data bus interface. When Read/Write is high 
(MPU read cycle), SSDA output drivers are turned on if 
the chip is selected and a selected register is read. When 
1 is low, the SSDA output drivers are turned off and the 
MPU writes into a selected register. The Read/Write signal 
ıs also used to select read-only or write-only registers 
within the SSDA. 

Thip Select (CS) - This high impedance TTL compati- 
ble input line is used to address the SSDA. The SSDA is 
selected when CS is low. VMA should be used in gener- 
ating the CS input to insure that false selects will not occur. 
Transfers of data to and from the SSDA are then per- 
formed under the control of the Enable signal, Read/ 
Write, and Register Select. 

Register Select (RS} - The Register Select line is a 
high impedance input that is TTL compatible. A high level 
is used to select Control Aegisters C2 and C3, the Sync 
Code Register, and the Transmit/Receive Data Registers. 
A low level selects the Control 1 and Status Aegisters (see 
Table 1). 
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Interrupt Request (IRQ) — Interrupt Request is a TTL 
compatible, open-drain (no internal pullup), active low 
output that is used to interrupt the MPU. The Interrupt 
Request remains low until cleared by the MPU. 

Reset Input - The Reset input provides a means of 
resetting the SSDA from an external source. In the low 
state, the Reset input causes the following: 

1. Receiver Reset (Rx Rs) and Transmitter Reset 
(Tx As) bits are set causing both the receiver and 
transmitter sections to be held in a reset condition. 

2. Peripheral Control bits PCI and PC2 are reset to 
zero, causing the SM/ÖTR output to be high. 

3. The Error Interrupt Enable (EIE) bit is reset. 

An internal synchronization mode is selected. 
5. The Transmitter Data Register Available (TDRA) 
status bit is cleared and inhibited. 
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When Reset returns high (the inactive state), the trans- 
mitter and receiver sections will remain in the reset state 
until the Receiver Reset and Transmitter Reset bits are 
cleared via the bus under software control. The control 
Register bits affected by Meset (Ax Rs, Tx As, PC1, PC2, 
EIE, and E/l Sync) cannot be changed when Reset is low. 


CLOCK INPUTS 

Separate high impedance TTL compatible inputs are 
provided for clocking of transmitted and received data. 

Transmit Clock (Tx Cik)— The Transmit Clock input 
is used for the clocking of transmitted data. The trans- 
mitter shifts data on the negative transition of the clock. 

Receive Clock (Rx Cik) — The Receive Clock input is 
used for clocking in received data. The clock and data 
must be synchronized externally. The receiver samples 
the data on the positive transition of the clock. 


SERIAL INPUT/OUTPUT LINES 

Aeceive Data (An Data) - The Receive Data line is a 
high impedance TTL compatible input through which 
data is received in a serial format. Data rates are from 0 to 
600 kbps. 

Transmit Data (Tr Data) — The Transmit Data output 
line transfers serial data to a modem or other peripheral. 
Data rates are from O to 600 kbps. 


PERIPHERAL/MODEM CONTROL 

The $SSDA includes several functions that permit 
limited control of a peripheral or modem. The functions 
included are Clear-to-Send, Sync Match/Data Terminal 
Ready, Data Carrier Detect, and Transmitter Underflow. 

Clear-to-Send (CT$) - The CTS input provides a real- 
time inhibit to the transmitter section (the Tx Data FIFO 
is not disturbed). A positive CTS tränsition resets the Tx 
Shift Register and inhibits the TDRA status bit and its 
associated interrupt in both the one-sync-character and two- 
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sync-character modes of operation. TDRA is not affected 
by the TS input in the external sync mode. 

The positive transition of CTS is stored within the 
SSDA to insure that its occurrence will be acknowledged 
by the system. The stored CT3 information and its 
associated IRÜ (if enabled) are cleared by writing a ''1" 
in the Clear. CTS bit in Control Register 3 or in the 
Transmitter Reset bit. The TTS status bit subsequentiy 
follows the CTS input when it goes low. 

The TTS input provides character timing for trans- 
mitter data when in the external sync mode. Transmission 
is initiated on the negative transition of the first full 
positive clock pulse of the transmitter clock (Tx CIk} 
after the release of CT (see Figure 6). 

Data Carrier Detect (DCD) — The DCD input provides 
a real-time inhibit to the receiver section {the Rx FIFO ıs 
not disturbed). A positive DCD transition resets and 
inhibits the receiver section except for the Receive FIFO 
and the ADRA status bit and its associated IRQ. 

The positive transition of DCD is stored within the 
SSDA to insure that its occurrence will be acknowledged 
by the system. The stored DCD information and its 
associated IAÜ (if enabled) are cleared by reading the 
Status Register and then the Receiver FIFO, or by writing 
a 1” into the Receiver Reset bit. The DCD status bit 
subsequently follows the DCD input when it goes low. 
The DCD input provides character synchronization 
timing for the receiver during the external sync mode ol 
operation. The receiver will be initialized and data will 
be sampled on the positive transition of the first fu/l 
Receive Clock cycle after release of DCD (see Figure ?). 

Syne Match/Data Terminal Ready {SM/DTR) - 
The SM/DTR output provides four functions (see Tabte }) 
depending on the state of the PC] and PC2 control bits. 
When the Sync Match mode is selected (PC1 = °'1“, 
PC2 = 0”), the output provides a one-bit-wide pulse 
when a sync code is detected. This pulse occurs for each 
sync code match even if the receiver has already attained 
synchronization. The SM output is inhibited when PC2 = 
"1". The DTR mode (PC1 = 0°) provides an output level 
corresponding to the complement of PC2 (DTR = "0" 
when PC2 = ‘1'.} (See Table 1.) 

Transmitter Underflow (TUF) - The Underflow 
output indicates the occurrence of a transfer of a "fill 
character” to the Transmitter Shift Register when the last 
location (#3) in the Transmit Data FIFO is empty. The 
Underflow output pulse is approximately a Tx Cik high 
period wide and occurs during the last half of the last bit 
of the character preceding the "Underflow' (see Figure 
4). The Underflow output pulse does not occur when the 
Tx Sync bit is in the reset state. 


SSDA REGISTERS 
Seven registers in the SSDA can be accessed by means 
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of the bus. The registers are defined as read-only or 
write-only according to the direction of information flow. 
The Register Select input (RS) selects two registers in 
each state, one being read-oniy and the other write-only. 
The Read/Write input (R/W) defines which of the two 
selected registers will actually be accessed. Four registers 
(two read-only and two write-only) can be addressed 
via the bus at any particular time. These registers and the 
required addressing are defined in Table 1. 


CONTROL REGISTER 1 (C1} 

Control Register 1 is an 8-bit write-oniy register 
that can be directly addressed from the data bus. Control 
Register 1 is addressed when RS = "0" and R/W = "0". 

Receiver Reset (Ax Rs), Ci Bit O - The Receiver 
Reset control bit provides both areset and inhibit function 
to the receiver section. When Rx Rs ıs set, it clears ıhe 
receiver control logic, sync logie, error logic, Rx Data 


FIFO Controt, Parity Error status bit, and DCD interrupt. 
The Receiver Shift Register is set to ones. The Rx Rs bit 
must be cleared after the occurrence of a low level on 
Reset in order to enable the receiver section of the SSDA. 

Transmitter Reset (Tx Rs), C1 Bit 1 - The Transmitter 
Reset control bit provides both a reset and inhibit to the 
transmitter section. When Tx Rs is set, it clears the trans- 
mitter control section, Transmitter Shift Register, Tx 
Data FIFO Control (the Tx Data FIFO can be reloaded 
after one E clock pulse), the Transmitter Underflow status 
bit, and the CTS interrupt, and inhibits the TDRA status 
bit {in the one-sync-character and two-sync-character 
modes}. The Tx Rs bit_must be cleared after the occur- 
rence of a low level on Reset in order to enable the trans- 
mitter section of the SSDA. If the Tx FIFO is not pre- 
loaded, it must be loaded immediately after the Tx Rs 
release to prevent a transmitter underflow condition. 

Strip Synchronization Characters (Strip Sync), C1 
Bit 2 - It the Strip Sync bit ıs set, the SSDA will auto- 
matically strip all received characters which match the 
contents of the Sync Code Register. The characters used 
for synchronization (one or two characters of sync) 
are always stripped from the received data stream. 

Clear Synchronization (Clear Sync), C1 Bit 3 — The 
Clear Sync control bit provides the capabitity of dropping 
receiver character synchronization and inhibiting resyn- 
chronization. The Clear Syne bit is set to clear and inhibit 
receiver synchronization in all modes and is reset to zero 
to enable resynchronizatıon. 

Transmitter Interrupt Enable (TIE), C1 Bit 4 - TIE 
enables both the Interrupt Request output (IRO) and 
Interrupt Aequest status bit to indicate a transmitter 
service request. When TIE is set and the TDRA status bit 
is high, the IRO output will_go low (the active state) 
and the IRQ status bit will go high. 

Receiver Interrupt Enable (RIE), Ci Bit 5 — RIE 
enables both the Interrupt Request output (IRQ) and the 
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TABLE 1 — SSDA PROGRAMMING MODEL 


SE 
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[en SE ee Eee 


Interrupt B Data Carrier Tıammitter Receiver 
Requesi Data Data 
URQ) Register Avarlable 
Avarlable {RDA) 
(TDRA) 
BE Aeceiver | Transmılter Sırp Sync Transmitter 
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Interrupi| Interrupı Characiers Reseı 
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1:-Byte/2-Byte 
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11:Byıe/2 Byte) 


Peripheral 
Control 2 
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STATUS REGISTER CONTROL REGISTER 2 
IRQ 8u7 The IRQ flag ı cleared when the source of Ihe IRQ ı3 EIE Bıt 7 When TV”, enobles the PE, Ra Ovın, 
clesred The suurce is determined by Ihe enables ın Ihe TUF,CTS, and DCD ınıerrupt flags 
Control Registers TIE, RIE, EIE IS Bus 6 hrough ?I. 
8115 6-0 ındıcate Ihe SSDA status at a pornt ın Iıme, and can be Tu Sync Bit 6 When "1", allows sync code cantenıs 
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enables the TUF Status bit and out- 
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IB E Parıt 
AC2, ACI Bits 7.6 Used to accesı other registers, 35 shown above. 7 ns r oda 


[ 
0 
° 
o 
' 
1 
1 
1 
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RIE Bar5 enalıles interrupı on RDA (S Bıı DO) 8 Buts + Even Parııy 
TIE Bit 4 .enables ınterrupt on TDRA IS But 9) 
ß B Bits + Odd Parıty 

Clea: Sync Bı3 ‚ clears receiver characıer synchronsation 
Strip Sync Bi 2 When 1, strips all sync codes Irom Ihe received 1-Byter2 Byte Bir 2 When 1”, enables Ihe TDRA and 

data siream, RDA Luis 10 ındıcate when a I-byte 
Tu As Bit 1 When 1", resets and ınhıbıis (he transmıtier section. transler can accur; when ''0”, ıhe- 
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CONTROL REGISTER 3 PC2.PCt Bus 1.0  SM/DTA Ousput Contrei 


cTur 81: 3 When "1", clears TUF 1S Bıt 4), and IRQ ıf enabled. 
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NOTE: When the SSDA ı5 used in applications requirıng the MSB of data 10 
be recewed and tranımıtled Must, the data bus ınputs 10 ıhe SSDA may be 


reversed (DO ı0 D?, eic.). Caution musı be used when thıs ıs done sınce Ihe 
bit positions in this table will be reversad, and (he parity should not be selected. 
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Interrupt Request status bit to indicate 3 receiver service 
request. When RIE is set and the RDA status bit is high, 
the TAÖ output will go low (the active state) and the IRQ 
status bit will go high. 

Address Control 1 (AC1) and Address Control 2 
(AC2), C1 Bits 6 and 7 - AC1 and AC2 select one of the 
write-only registers — Control 2, Control 3, Sync Code, 
or Tx Data FIFO-as shown in Table 1, when RS = "1" 
and R/w = "0", 


CONTROL REGISTER 2 (C2) 

Controi Register 2 is an 8-bit write-only register which 
can be programmed from the bus when Ihe Address Con- 
trol bits in Controt Register 1 (AC1 and AC2) are reset, 
RS = "1" and RW = "0". 

Peripheral Control 1 (PC1) and Peripheral Control 2 
(PC2), C2 Bits O and 1- Two control bits, PCI and PC2, 
determine the operating characteristics of the Sync Match/ 
DTR output. PC1, when high, selects the Sync Match 
mode. PC2 provides the inhibit/enable control for the 
SM/DTR output in the Sync Match mode. A one-bit wide 
pulse is generated at the output when PC2 ıs “0°, and a 
match occurs between the contents of the Sync Code 
Register and the incoming data even if sync is inhibited 
(Clear Syne bit = 1"). The Sync Match pulse is referenced 
10 the negative edge of Rx Cik pulse causing the match 
(see Figure 3). 

The Data Terminal Meady (DTR) mode is selected 
when PCI is low. When PC2 = "1" the SM/DTR output 
= "0'" and vice versa. The operation of PC2 and PCI 
is summarized in Table 1. 


1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2 Bit 2 — 


When 1-Byte/2-Byte is set, the TDRA and RDA status 
bits will indicate the availabılity of their respective data 
FIFO registers for a single byte data transfer. Alternately, 
if 1 Byte/2 Byte is reset, the TDRA and RDA status bits 
indicate when two bytes ol data can be moved without a 
second status read. An intervening Enable pulse must 
occur between data transfers. 

Word Length Selects (WS1, WS2, WS3}, C2 Bits 3, 4,5 
— Word Length Select bits WS1, WS2, and WS3 select 
word tength of 7, B, or 9 bits including parity as shown 
in Table 1 

Transmit Sync Code on Underflow (Tx Sync), C2 Bit 6 
— When Tx Sync is set, the transmitter will automatically 
send a sync character when data is not available for trans: 
mission. If Tx Syne is reset, the transmitter will transmit a 
Mark character (including the parity bit position) on 
underflow. When the underfiow is detected, a pulse 
appronimately a Tx Cik high period wide will occur on 
the underflow output if the Tx Sync bit is set. Internal 
parity generation is inhibited during underflow except 
for sync code fill character tyansmission in B bit plus parity 
word lengths. 

Error Interrupt Enable (EIE), C2 Bit 7 - When EIE 
is set, the IRQ status bit will go high and the IRÜ output 
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will go low if: 

1. A receiver overrun occurs. The interrupt is cleared 
by reading the Status Register and reading the 
Rx Data FIFO. 

2. DCD input has gone to a "1". The interrupt is 
cleared by reading the Status Register and reading 
the Ax Data FIFO. 

3. A parity error exists for the character in the last 
location (#3) of the Rx Data FIFO. The interrupt 
is cleared by reading the Ax Data FIFO. 

4. The CTS5 input has gone t0 a ‘'1''. The interrupt 
is cleared by writing a "1" in the Clear CTS bit, 
C3 bit 2, or by a Tx Reset. 

5. The transmitter has underflowed (in the Tx Sync 

- on Underflow mode}. The interrupt is cleared by 
writing a ‘1’ into the Clear Underflow, C3 bit 3, 
or Tx Reset. 

When EIE is a “O0”, the IRQ status bit and the IRQ 
output are disabled for the above error conditions. A low 
level on the Reset input resets EIE to "0". 


CONTROL REGISTER 3 (C3) 


Control Register 3 ıs a 4-bıt write-only register which 
can be programmed from the bus when RS = "1" and 
RW = 0" and Address Control bit ACI = "1" and 
AC2= "0". 


External/internal Sync Mode Control (E/l Sync), C3 
Bit O0 — When the E/l Sync Mode bit is high, the SSDA is 
in the external sync mode and the receiver synchroni- 
zation logic is disabled. Synchronization can be achieved 
by means of the DCD input or by starting Rx Cik at the 
midpoint of data bit O of a character with DCD low. 
Both the transmitter and receiver sections operate as 
parallel - serial converters in the External Sync mode. 
The Clear Sync bit in Control Register 1 acts as a receiver 
sync inhibit when high to provide a bus controllable 
inhibit. The Sync Code Register can serve as a transmitter 
fill character register and a receiver match register in this 
mode. A low‘ on the Reset input resets the E/l Sync 
Mode bit placing the SSDA in the internal sync mode. 

One-Sync-Character/Two-Sync-Character Mode Con- 
trol (1 Sync/2 Sync), C3 Bit 1 - When the 1 Sync/2 Sync 
bit is set, the SSDA will synchronize on a single match 
between the received data and the contents of the Sync 
Code Register. When the 1 Sync/2 Sync bit is reset, two 
successive sync characters must be received prior to 
receiver synchronization. If the second sync character is 
not detected, the bit by bit search resumes from the 
first bit in the second character. See the description of the 
Sync Code Register for more details. 

Clear CTS Status (Clear CTS), C3 Bit 2 — When a "1" 
is written into the Clear CTS bit, the stored status and 
interrupt are cleared. Subsequently, the TTS status bit 
reflects the state of the CT5 input. The Clear CTS control 
bit does not affect the CTS input nor its inhibit of the 
transmitter section. The Clear ÜTS command bit is self- 
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clearing, and writing a 0’’ into this bit is a nonfunctional 
operation. 

Clear Transmit Underflow Status (CTUF), C3 Bit 3 — 
When a "1" is written into the CTUF status bit, the 
CTUF bit and its associated interrupt are reset. The 
CTUF command bit is self-clearing and writing a "0" 
into this bit is a nonfunctional operation. 


SYNC CODE REGISTER 

The Sync Code Register is an B-bit register for storing 
the programmable sync code required for received data 
‚character synchronization in the one-sync-character and 
two-sync-character modes. The Sync Code Register also 
provides for stripping the sync/fill characters from the 
received data (a programmable option) as well as auto- 
matic insertion of fill characters in the transmitted data 
stream. The Sync Code Register is not utilized for receiver 
character synchronization in the external sync mode; 
however, it provides storage of receiver match and transmit 
fill characters. 

The Sync Code Register can be loaded when AC2 and 
ACI are a “1” and ‘0’, respectively, and R/W = "0" 
and RS = "1", 

The Sync Code Register may be changed after the 
detection of a match with the received data (the first 
sync code having been detected) to synchronize with a 
doubte-word sync pattern. (This sync code change must 
occur prior to the completion of the second character.) 
The sync match (SM) output can be used to interrupt the 
MPU system to indicate that the first eight bits have 
matched. The service routine would then change the sync 
match register to the second half of the pattern. Alter- 
nately, the one-sync-character mode can be used for sync 
codes for 16 or more bits by using software to check the 
second and subsequent bytes after reading them from 
the FIFO. 

The detection of the sync code can be programmed 
to appear on the Sync Match/DTR output by writing a 
"1" in PC1 (C2 bit 0) and a “0” in PC2 (C2 bit 1). The 
Sync Match output will go high for one bit time beginning 
at the character interface between the sync code and the 
next character (see Figure 3). 


PARITY FOR SYNC CHARACTER 


Transmitter 
Transmitter does not generate parity for the sync 
character except 9-bit mode. 


9-bit (B-bit + parity) .. . B-bit sync character + parity 
8-bıt (7-it + parity)..... B-bit sync character (no parity] 
7-bit (6:bit + parity) ..... 7-bit sync character (no parity} 
Receiver 


At Synchronization 

Receiver automatically -strips the sync character(s) 
{two sync characters if ‘2 sync’ mode is selected) which is 
used to establish synchronization. And parity is not 
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checked for these sync characters. 

After Synchronization Is Established 

When ’strip sync’ bit is selected, the sync characters 
(fill characters) are stripped and parity is not checked for 
the stripped sync (fill) characters. When 'strip sync’ bit 
is not selected (low), the sync character is assumed to be 
normal data and it is transferred into FIFO after parity 
checking. (When non-parity format is selected, parity is 


not checked.) 

[7 lesen] 
No parity check of syne code. 

eier 
Parity check. 

rss ee 
No parity check. 


*Subsequent to synchronization, 


wso-wS2 
Strip Sync | (Dsta Format) 
(C1 Bir 2} | IC2 Bit 3-5) 


It is necessary to pay attention to the selected sync 
character in the following cases. 


1. Data format is (6 + parity), (7 + parity). 

2. Strip sync is not selected (low). 

3. After synchronization when sync code is used as 

a fill character. 

Transmitter sends sync character without parity, but 
receiver checks the parity as if it is normal data. Therefore, 
the sync character should be chosen to match the parity 
check selected for the receiver in this special case. 


RECEIVE DATA FIRST-IN FIRST-OUT REGISTER (Rx 
Data FIFO) 


The Receive Data FIFO Register consists of three 8-bit 
registers which are used for buffer storage of received 
data. Each B-bit register has an internal status bit which 
monitors its full or empty condition. Data is always 
transterred from a full register to an adjacent empty 
register. The transfer from register to register occurs on 
E pulses. The RDA status bit will be high when data is 
available in the last location of the Rx Data FIFO, 

In an Overrun condition, -the overrunning character 
will be transferred into the full first stage of the FIFO 
register and will cause the loss of that data character. 
Successive overruns continue to overwrite the first register 
of the FIFO. This destruction of data is indicated by 
means of the Overrun status bit. The Overrun bit will be 
set when the overrun occurs and remains set until the 
Status Register is read, followed by a read of the Rx 
Data FIFO. 

Unused data bits for short word lengths (including 
the parity bit) will appear as ‘‘0’’s on the data bus when 
the Rx Data FIFO is read. 
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TRANSMIT DATA FIRST-IN FIRST-OUT REGISTER 
(Tu Data FIFO) 


The Transmit Data FIFO Register consists of three 
8.bit registers which are used for buffer storage of data 
to be transmitted. Each B-bit register has an internal status 
bit which monitors its full or empty condition. Data is 
always transferred from a full register t0 an adjacent 
empty register. The transfer is clocked by E pulses. 

The TDRA status bit will be high if the Tx Data 
FIFO is available for data, 

Unused data bits for short word lengths will be handled 
as "don't cares’’. The parity bit is not transferred over the 
data bus since the SSDA generates parity at transmission. 

When an Underflow occurs, the Underflow character 
will be either the contents of the Sync Code Register or 
an all "1"'s character. The underflow will be stored in the 
Status Register until cleared and will appear on the 
Underflow output as a pulse approximately a Tx Cik 
high period wide. 


STATUS REGISTER 

The Status Register is an B-bit read-only register which 
provides the real-time status of the SSDA and the 
associated serial data channel. Reading the Status Register 
is a non-destructive process. The method of clearing status 
bits depends upon the function each bit represents and is 
discussed for each bit in the register. 

Receiver Data Available (RDA), S Bit 0 — The Receiver 
Data Available status bit indicates when receiver data can 
be read from the Rx Data FIFO. The receiver data being 
present in the last register (#3) of the FIFO causes RDA 
to be high for the 1-byte transfer mode. The RDA bit 
being high indicates that the last two registers (#2 and 
#3) are full when in the 2-byte transfer mode. The second 
character can be read without a second status read (to 
determine that the character is available). An E pulse 
must occur between reads df the Ax Data FIFO to allow 
the FIFO to shift. Status must be read on a word-by-word 
basis if receiver data error checking is important. The 
RDA status bit is reset automatically when data is 
not available. 


Transmitter Data Register Available (TDRA), S Bit 1 — 
The TDRA status bit indicates that data can be loaded 


into the Tx Data FIFO Register. The first register (#1) 


of the Tx Data FIFO being empty will be indicated by a 
high level in the TDRA status bit in the 1-byte transfer 
mode. The first two registers (#1 and #2) must be empty 
for TDRA to be high when in the 2-byte transfer mode. 
The Tx Data FIFO can be loaded with two bytes without 
an intervening status read; however, one E pulse must 
occur between loads. TDRA is inhibited by the Tx Reset 
or Reset. When Tx Reset is set, the Tx Data FIFO is 
cleared and then released on the next E clock pulse. 
The Tx Data FIFO can then be loaded with up to three 
characters of data, even though TDRA is inhibited. This 
teature allows preloading data prior to the release of 
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Tx Reset. A high level on the CTS input inhibits the 
TDRA status bit in either sync mode of operation (one- 
sync-character or two-sync-character). CTS does not affect 
TDRA in the external sync mode. This enables the SSDA 
to operate under the control of the CTS input with TDRA 
indicating the status of the Tx Data FIFO. The CTS 
input does not clear the Tx Data FIFO in any operating 
mode. 

Data Carrier Detect (DCD), S Bit 2 - A positive 
transition on the DCD input is stored in the SSDA until 
cleared by reading both Status and Rx Data FIFO. A 
"1" written into Ax Rs also clears the stored DCD status. 
The DCD status bit, when set, indicates that the DCD 
input has gone high. The reading of both Status and 
Receive Data FIFO allows Bit 2 of subsequent Status 
reads to indicate the state of the DCD input until the 
next positive transition. 

Clear-to-Send ICT$), S Bit 3 - A por:tive transition 
on the CTS$ input is stored in the SSDA until cleared by 
writing a “1” into the Clear CTS cor...ol bit or the Tx Rs 
bit. The CTS status bit, when set, indicates that the CTS 
input has gone high. The Clear CTS command (a "1" 
into C3 Bit 2) allows Bit 3 of subsequent Status reads to 
indicate the state of the CTS input until the next posi- 
tive transition, 

Transmitter Underflow (TUF), S Bit 4 — When data is 
not available for the transmitter, an underflow occurs 
and is so indicated in the Status Register (inthe Tx Sync 
on underflow mode). The underflow status bit is cleared 
by writing a 1“ into the Clear Underflow (CTUF )control 
bit or the Tx Rs bit. TUF indicates that a sync character 
will be transmitted as the next character. A TUF is 
indicated on the output on/y when the contents of the 
Sync Code Register is to be transferred (transmit sync 
code on underflow = 1"). 

Receiver Overrun {Rx Ovrn), S Bit 5 — Overrun indi- 
cates data has been received when the Rx Data FIFO is 
full, resulting in data loss. The Rx Ovrn status bit is set 
when Overrun 'occurs. The Rn Ovrn status bit is cleared 
by reading Status followed by reading the Rx Data FIFO 
or by setting the Rx As control bit. 

Receiver Parity Error {PE), S Bit 6 — The parity error 
status bit indicates that parity for the character in the last 
register of the Ax Data FIFO did not agree with selected 
parity. The parity error is cleared when the character to 
which it pertains is read from the Ax Data FIFO or when 
Rx Rs occurs. The DCD input does not clear Ihe Parity 
Error or Rx Data FIFO status bits. 

Interrupt Request (IRQ), S Bit 7_- The Interrupt 
Request status bit indicates when the IRÖ output is in 
the active state (IR output = 0”). The IRQ status bit 
is subject to the same interrupt enables (RlE, TIE, and 
EIE) as the IRÖ output. The IRQ status bit simplifies 
status inquiries for polling systems by providing single 
bit indication of service requests. 
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PIN ASSIGNMENT PACKAGE DIMENSIONS 


NOTE: 

1. LEADS TAUE POSITIONED WITHIN 
0.25mm (0.0 10) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 


CASE 716-02 
(CERAMIC) 


CASE 709.01 
{PLASTIC) 


N cl . N EN, 


D SEATING 
PLANE 


1. LEADS. TRUE POSITIONED 
WITHIN 0.25 mm (0.010) DIA 
AT SEATING PLANE AT 
MAXIMUM MATERIAL CON- 
DITION. (DIM. "D") 

. DIM "UL" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 
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(M) MOTOROLA MC6843 


MOS 


FLOPPY DISK CONTROLLER (FDC) IN-Chenndi, Silicon-Gate) 


The MC6843 Floppy Disk Controller performs the complex FLOPPY DISK CONTROLLER 
MPU/Floppy interface function, The FDC was designed to optimize 
the balance between the “Hardware/Software” in order to achieve 
integration of all key functions and maintain flexibility. 
The FDC can interface a wide range of drives with a minimum 
of external hardware. Multiple drives can be controlled with the 
addition of external multiplexing rather than additional FDC's. 


Format compatible with IBM 3740 
User Programmable read/write format P SUFFIX 
Ten powerful macro commands ae 
Macro End Interrupt allows parallel processing of MPU and FDC 
Controls multiple Floppies with external multiplexing 
Direct interface with MC6800 
Programmable step and settling times enable operation with 

a wide range of Floppy drives 
Offers both Programmed Controlled I/O (PCIO} and DMA data 

transfer mode LSUFFIX 
Free-Format read or write CERAMIC PACKAGE 
Single 5-volt power supply CASE 715 
All registers directly accessible 


FIGURE 1 - SYSTEM BLOCK DIAGRAM 


To MC6844 
tor DMA { FIGURE 2 — PIN ASSIGNMENT 


Opesuon 


Recovery Aead Data 


AD 
Dats 


Write Data 


write Gete 


Address Bus 
Control Bus 


Herd Direcıon 
Sıep 


Hasd Load 


Low Current Track 
File Inopsrabie Anıst 
File Inoparabie 


Weite Protect 


6 Fi 
o 


> 


Inden 
Track Zero 


Resdy 


Address 
Decoder 


"Optionst Three State Bulfers 
MC6880 tor Inveried Data 
MC6889 for Non Inverted Date 


HE 


This 18 advance Information and apecıfications are subject to change without notice 
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MAXIMUM RATINGS 


Suppiy Voltage 


Input Voltage 


Operating Temperature Range 


Storage Ternperature Range 


"With respect to Vss (Gnd). 


ELECTRICAL CHARACTERISTICS (vec "5.0 V :5%. Vgg = 0, Ta = 0 to 70°C unless otherwise noted) 


loput High Voltage VıH 
Input Low Voltage 


Input Leakage Current 
Win="PtoS5V) 

Three-State (Ofl-State) Input Current 
(Vin=“041024V.Vcec=55V) 

Output High Voltage 
load ” 205 „A) DO-D7 
Hiosa * -100 ua) Other Outputs 

Output Low Voltage VoL 
Uosd * 1.6 mA} 


Output Leskage Current (Off-State) IAO ILOH 
(VoH "24 V) 


Input Capacitance Cin 
Win=OV.f=10MHz,. Ta = 25°C) Enable 
D0-D? 

All others 


Vs5 +20 
Vss5 -0. 


o 


.) 
8 


B5 
5 
< 
® 


< 
[e} 
zZ 


Output Capacitance AI Qutputs 
Win=0V.f=10MHz, Ta = 25°C) 


Aead Data-to-Data Clock Delay Time 2 
Minimum Read Data Pulse Widıh, High 


< 
ie} 


taDL 
“oe 


Write Date Pulse Width, High 
(fe = 1.0 MHz) 


Minimum Write Data Cycle Time 
{fe 1.0 MHz} 


Step Pulse Width, High 
{fe = 1.0 MHz) 


Step Cycle Time* 
(fc = 1.0 MHz} 


*Step ISTP} cycle time is programmable. 


Read Data-to-Data Clock Delay Time 1 
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BUS TIMING CHARACTERISTICS 


FIGURE 3 — TEST LOADS 


Load A 
(00-07 


LoadB 
(RA onıy) 


50V 50V 


ARL=25k RL-3.0% 
Test Tesı 
Point Point ' 
c A 


‚Oo 
T 100 pf 


C = 130 pF for DO-D7 

= 30 pF for HLD,STP.HDA,LCT.WGT,FIR.Tu AQ,BD 
AR=11.7%k for D0O-D7 

= 24 k for HLD,STP.HDA,LCR.LCT.WGT, FIR,T"RQ.BD 


FIGURE 4 - BUS TIMING CHARACTERISTICS-READ/WRITE 


Enapdle 


AS.CS.R/W.Tx AK 


Data (Out 


Oata (In) 


599 


I tm 


MC6843 


FIGURE 5 - MASTER CLOCK 


FIGURE 6 - READ DATA TIMING 


Data Clock 


Read Daıa 


FIGURE 7 - INDEX TIMING 


FIGURE 8 - IRQ RELEASE TIME FIGURE 9 - DATA BUS DIRECTION TIMING 


Enabie Enable 


Interrupt Request Bus Direction 


600 


(M) MOTOROLA 


SEMICONDUCTORS 


3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 


Advance Information 


VIDEO DISPLAY GENERATOR (VDG) 


The Motorola MC6847 Video Display Generator (VDG) provides 
a means of interfacing the Motorola M6800 microprocessor family 
{or similar products) to a commercially available color or black and 
white television receiver. Applications of the VDG include video 
games, bioengineering displays, education, communications and any 
place graphics are required. 

The VDG reads data from memory and produces a composite 
video signal which will allow the generation of alphanumeric or 
graphic displays. The generated composite video may be up modu- 
lated to either Channel 3 or 4 by using the compatible MC1372 (TV 
Chroma and Video modulator). The up modulated signal is suitable 
for application to the antenna of a color TV. A typical TV game is 
indicated in Figure 1, 


® Generates four different alphanumeric display modes and eight 
graphic display modes 


Compatible with the M6B00 family 
Compatible with the MC1372 modulator 


The alphanumeric modes display 32 characters per line by 16 
lines 


An internal multiplexer allows the use of either the internal ROM 
or an external character generator 


An external character generator can be used to extend the in- 
ternal character set for “limited graphic’ shapes 


A Mask Programmable internal character generator ROM is avail- 
able on special order (Appendix A) 


One display mode offers B-color 64 x 32 density graphics in an 
alphanumeric display mode 


One display mode offers 4-color 64 x 48 density graphics in an 
alphanumeric display mode 


All alphanumeric modes have a selectable video inverse 


Generates full composite video signal 


Generates R-Y and B-Y signals for external color modulator 


Full-graphic modes offer 64 x 64, 128 x 64, 128 x 96, 128. x 192, 
or 256 x 192 densities 


Full-graphic modes allow 2-color or 4-color data structures 


® Full-graphic modes use one of two 4-color sets or one of two 
2-color sets 


Available in either an interlace mode (NTSC Standard) or a non- 
interlace mode 


Tnis is advance information and specifications are subject to change without notice. 
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MC6847 


NONINTERLACE 


MC6847Y 


INTERLACE 


MOS 


(N-Channel, Silicon-Gate) 


VIDEO 
DISPLAY 
GENERATOR 


PSUFFIX 
PLASTIC PACKAGE 
CASE 711 


PIN ASSIGNMENT 


DAS 
Das 
Da7 
DAB 
Vcc 
DA9 
DAI1O 
DAaıı van 


OMOTOROLA INC.. 1978 ADI-492 


MC6847 e MC6847Y 


FIGURE 1 — BLOCK DIAGRAM OF USE OF THE VDG INA TV GAME 


Ei MC6880 


Data Bus 
Address Bus 
MC6887 
Memory 


E MC6802 Address Decode 
| MCM6614 
x 


MC1372 


Game Paddles 


Mnemonic Pin Numbers Function 
Vcec 17 +5V 
Vss 1 Ground 
CLK 33 Color burst clock 3.58 MHz (input) 
DAO-DA12 22,23, 24, 25, 26 Address lines to display memory, high impedance during memory select (MS) 
13, 14, 15, 16, 18, 19, 20, 21 
DD0-DD5S 3,4,5,6, 7,8 Data from display memory RAM or ROM 
0D6,DD7 2,40 Data from display memory in graphic mode; data also in alpha external mode; color data in 
alpha sernigraphic 4 or 6 
$A,0B,Y 11, 10, 28 Chrominance and Iuminance analog (R-Y, B-Y, Y) output to AF modulator (MC1372} 
9 Chroma bias; reference $A and $B levels 
36 Aow preset — Output to provide timing for external character generator. 
38 Horizontal $yne — Output to provide timing for external character generator. 
32 Inverts video in all alpha modes 
31 Switches to external ROM in alpha mode and between SEMIG-4 and SEMIG-# in 
sernigraphics 
Alpha/Semigraphics; selects between alpha and semigraphics in alpha mode 
Memory select forces VDG address buffers to high-impedance state 
Switches between alpha and graphic modes 
Field Synchronization goes low at bottom of active display area, 
Cotor set select; selects between 1wo alpha display colors or between two color sets in 
semigraphics 6 and full graphics 
GMO-GM2 30, 29, 27 Graphic mode select; select one of eight graphic modes. 


MOTOROLA Semiconductor Products Inc. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


-0,3 10 + 7.0V 
-0.3 10 + 7.0V 


"65° to 150°C 
Power Dissipation 


DC (STATIC) CHARACTERISTICS — (Vec = 5.0V +5%, Vsg = 0.0 V, Ta = 0°C to 70°C unless otherwise noted) 


Chores — | symba[ Min | To [| Mm. | une | 


Input High Voltage VIH Vde 
Vec 
Vec 


Cik 
Other Inputs 
Input Low Voltage 
Cik 
Other Inputs 
Input Leakage Current 
CLK, GMO-GM2, INV, INT/EXT, MS, Vgs, DDO-DD7, A/S, A/G 


Three-State (Off State) Input Current DAO-DA12 


PP 
on 
+ + 
oo 
oo» 

< 

R 


< 


Ohtput High Voltage AP, HS, FS VoH 
(CL oad = 30 PF. Load * -100 uA) 

Qutput High Voltage DA0-DA 12 Vde 
(CLoad ® 55 pF, ILoad = -100 uA) 

Output Load Voltage AP, HS, FS VoL Vic 
(C Load * 30 PF, ILoad * 1.6 mA) 

Output Low Voltage DAO-DA12 VOL Vde 
(CLoad " 55 pF, ILoad * 1.6 mA) 

Output High Current (Sourcing) AN Outputs {except 
(VoH = 2.4 V) ®A, 08, Y, & CHB) Be 

Output Low Current (Sinking} All Outputs (except IoL 


{Vor = 0.4 Vde) 6A, 98, Y, & CHB) 


Input Capacitance AI Inputs 
Vin = 0, Ta = 25°C, f= 1.0 MHz) 
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DC (STATIC) CHARACTERISTICS - (vcc = 5.0 V 35%, Vsg = 0.0 V, Ta = 0°C to 70°C unless otherwise noted) 


Characteristic 


Chroma $A Voltage Figure 2 
(CLoad = 20 pF, R Load = 200 k ohm) 


Chroma $B Voltage 
(CLoad = 20 pf, R Load = 200 k ohm) VR+01Vcc 
vo VA 
Vhurst Vr-0.05Vcec 
Vo Va-0.1Vcc 
Luminance Y Voltage Figure 2 
(C Load = 20 pF, RLoad = 200 k ohm) 


Voltage White Low Figure 2 
{Voltage White Medium) 
(Voltage White High) 


AC (Dynamic) CHARACTERISTICS — vec = 5.0 V 35%, Ta = 0°C to 70%C 


__________ Cruise 0 0 — | symsor | Min | _Tve. 


CIk Frequency t 3.579535 3,579545 
Cik Duty Cycle Clkge 45% 55% 
Chroma Phase Delay Figure 3C 

{measured with respect to “Y” output) 


BA tya 
+B tvB 


Luminance Rise Time 
Luminance Fall Time  Uy 
Chroma Rise and Fall Times Figure 3D 

(®A Rise Time) _ 

(9A Fall Time) 

($B Rise Time} 

{#8 Fall Time) 
Field Sync. (FS) Figure 3A 

(Pulse Width] 
Row Present (AP) Figure 3B 

(Pulse Width) 

(Delay From HS} 
Horizontal Syne (HS) Figure 38 
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FIGURE 2 — VIDEO OUTPUT WAVEFORM RELATED TO CLOCK 


Left Border Right 
Active Video Border 
35.75 Sec. 


End of = 
Horizontal AIG e CSS 


Sync Re css 


VHl 
vA 
V Burst 


VLo a 
(Burst is —] Pr) 


removed 
tor A/G e CSS e GMO) 


A/G + A/G - CSS 


Ya A/G + A/G 0 css 
vÄ 


vLo RG . CSS Green FY\ Cyen 


Note: (1) The 3.58 MHz Video must be in phase for every horlz. ine, every field and every frame. 


FIGURE 3 — TIMING DIAGRAMS 
A- Field Sync B — Row Presat 


Leading Edge of Trailing Edge of 
} Vert. Blanking Vert. Sync. 


| 


© — Chroma Phase Delay D — Video Rise & Fall Times 


Y Level @2 
Level #1 Level #1 
tyra 
ty ty 
9A oA Level #2 
Lovel #1 Level #1 
48 


tve 
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VDG SIGNAL DESCRIPTION 


Address Output Lines (DAO-DA12) — Thirteen address 
lines are used by the VDG to scan the display memory. 
The starting address of the display memory is located at 
the upper left corner of the display screen. As the tele- 
vision sweeps from the left to right and top to bottom, 
the VDG increments the RAM display address. These lines 
are TTL compatible and may be forced into a high 
impedance state whenever the MS pin goes low. 


Data Inputs (DDO-DD7) — Eight TTL compatible data 
lines are used to input data from RAM to be processed by 
the VDG. The data is interpreted and transformed into 
luminance Y (Pin 28) and color outputs $A and dB (Pin 
11 and Pin 10). 


Power Inputs — Vcc requires +5 volts. Vsg requires 
zero volts and is normally ground. The tolerance and cur- 
rent requirements of the VDG are specified in the 
Electrical Characteristics. 


Video Outputs (®A, #B, Y, CHB) — These four analog 
outputs are used to transfer luminance and color informa- 
tion to a standard NTSC color television receiver, either 
via the MC1372 RF modulator or directly into Y, dA, ®B 
television video inputs. 


LUMINANCE (Y) — This six level analog output con- 
tains composite sync., blanking and four levels of video 
luminance. 


®A — This three level analog output is used in combina- 
tion with dB and Y outputs to specify one of eight 
colors. 


®B - This four level analog output is used in combina- 
tion with dA and Y outputs to specify one of eight 
colors. Additionally, one analog level is used to specify 
the time of the color burst reference signal, 


CHROMA BIAS (CHB) — This pin is an analog output 
and provides a D.C. reference corresponding to the 
quiescent value of $A and dB. CHB is used to quaran- 
tee good thermal tracking and minimize the variation 
between the parts. 


Synchronizing Inputs (MS, CLK) 


Three-State Control — (MS) isa TTL compatible input 
which, when low, forces the VDG address lines into a high 
impedance state. This may be done to allow other devices 
(such as an MPU) to address the display memory (RAM). 


Clock (CLK) — The VDG clock input (CLK) requires a 


3.579545 MHz (standard) TV crystal frequency square 
wave. The duty cycle of this clock must be between 45 
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and 55 percent since it controls the width of alternate 
dots on the television screen. The MC1372 RF modulator 
may be used to supply the 3.579545 MHz clock and has 
provisions for a duty cycle adjustment. 


Synchronizing Outputs (FS, HS, RP) — Three TTL 
compatible outputs provide circuits, exterior to the VDG, 
with timing references to the following internal VDG 
states: 


FIELD SYNC — (FS) — The high to low transition of 
the FS output coincides with the end of active display 
area. During this time interval an MPU may have total 
access to the display RAM without causing undesired 
flicker on the screen. The Low to High transition of FS 
coincides with the trailing edge of the vertical synchro- 
nization pulse. 


HORIZONTAL SYNC - (HS) - The HS pulse is in 
coincidents with the horizontal synchronization pulse 
furnished to the television receiver by the VDG. The 
high to low transition of the HS output coincides with 
the leading edge of the horizontal synchronization 
pulse. 


ROW PRESET — (RP) — If desired, an external char- 
acter generator ROM may be used with the VDG. 
However, an external four bit counter must be added 
to supply row selection. The counter is clocked by the 
HS signal and cleared by the RP signal. 


Mode Control Lines (Input) (A/G, A/S, INT/EXT, 
GMO, GM1, GM2, CSS, INV) — Eight TTL compatible 
inputs are used to control the operating mode of the 
VDG. A/S, INT/EXT, CSS and INV may be changed on a 
character by character basis. The CSS pin is used to select 
between two possible alphanumeric colors; when the VDG 
is in the alphanumeric mode and between two color sets 
when the VDG is in the semigraphics 6 and full Graphic 
mode. Table 1 illustrates the varıous modes that can be 
obtained using the mode control lines. 


DISPLAY MODES 


The VDG is capable of generating 12 distinct display 
modes (refer to Table 1). The color set selection and 
invert pins will allow variations on certain modes. The 
VDG will display two alphanumeric modes with two com- 
patible semigraphic modes or display one of eight full 
graphic modes. A detailed description of the various 
modes of operation follows. A summary of major modes 
can be found in Table 2. 
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ALPHANUMERIC DISPLAY MODES—All alphanumeric 
modes occupy an 8 x 12 dot character matrix box and 
there are 32 x 16 character boxes per TV frame. One of 
two colors for the lighted dots may be selected by the 
color set select pin. An internal ROM will generate 64 
ASCII display characters in a standard 5 x 7 box. Six bits 
of the eight-bit data word are used for the ASCII char- 
acter generator and the two bits not used can be used to 
implement inverse video or color switching on a character 
by character basis. A 512 word display memory is re- 
quired for this class of display. 


The ALPHA SEMIGraphics -4 mode translates bits zero 
through three into a 4 x 6 dot element in the standard 8 x 
12 dot box. Three data bits may be used to select one of 
eight colors for the entire character box. The extra bit is 
available to implement mode switching on the fly. A512 
word display memory is required. A density of 64 x 32 
elements is available in the display area. The element area 
is four dot-clocks wide by six lines high. 


The ALPHA SEMIGraphic -6 mode maps six 4 x 4 dot 
elements into the standard 8 x 12 dot alphanumeric box, 
a screen density of 64 x 4B elements is available. Six bits 
are used to generate this map and two data bits may be 
used to select one of four colors in the display box. The 
element area is four dot-clocks wide by four lines high. 


FULL GRAPHIC MODE - There are eight full graphic 
modes available from the VDG. These modes require 1K 
to 6K bytes of memory. The eight full-graphic modes 
include an outside color border in one of two colors 
depending upon the color set select pin (CSS). The CSS 
pin selects one of two sets of four colors in the four color 
graphic modes. 


The 64 x 64 Color Graphics Mode — The 64 x 64 color 
graphics mode generates a display matrix of 64 elements 
wide by 64 elements high. Each element may be one of 
four colors. A IK x 8 display memory is required. 


The 128 x 64 Graphic Mode — The 128 x 64 graphic 
mode generates a matrix 128 elements wide by 64 ele- 
ments high. Each element may be either ON or OFF. 
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However, the entire display may be one of two colors, 
selected by using the color set select pin. A IK x B display 
memory is required. 


The 128 x 64 Color Graphic Mode — The 128 x 64 
color graphics mode generates a display matrix 128 ele- 
ments wide by 64 elements high. Each element may be 
one of four colors. A 2K x 8 display memory is required. 


The 128 x 96 Graphics Mode — The 128. x 96 graphics 
mode generates a display matrix 128 elements wide by 96 
elements high. Each element is two dot-clocks wide by 
two lines high. Each element may be either ON or OFF. 
However, the entire display may be one of two colors 
selected by using the color select pin. A 2K x 8 display 
memory is required. 


The 128 x 96 Color Graphics Mode — The 128 x 96 
color graphics mode generates a display 128 elements 
wide by 96 elements high, Each element is thus two dot- 
clocks wide by two lines high. Each element may be one 
of four colors. A 3K x 8 display memory is required. 


The 128 x 192 Graphics Mode — The 128 x 192 
graphics mode generates a display matrix 128 elements 
wide by 192 elements high, making each element two 
dot-clocks wide by one line high. Each element may be 
either ON or OFF, but the ON elements may be one of 
two colors selected with color set select Pin. A 3K x 8 
display memory is required. 


The 128 x 192 Color Graphics Mode — The 128 x 192 
color graphics mode generates a display 128 elements 
wide by 192 elements high. Each element is two dot- 
clocks wide by one line high. Each element may be one of 
four colors. A 6K x 8 display memory is required. A 
detailed description of the VDG modes is given in Table 93. 


The 256 x 192 Graphics Mode — The 256 x 192 graphics 
mode generates a display 256 elements wide by 192 ele- 
ments high. Each element is one dot-clock wide by one 
line high. Each element may be either ON or OFF, but the 
ON element may be one of two colors selected with the 
color set select pin. A 6K x 8 display memory is required. 
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TABLE 1 - TABLE OF MODE CONTROL LINES (INPUTS) 


mrecr | m [ou2 | cu | cm | Aurmaranarmıc moor sereer 


Internal Alphanumerics 

Internal Alphanumerics Inverted 
External Alphanumerics 
External Alphanumerics Inverted 
Semigraphics - 4 

Semigraphics - 6 

64 x 64 Color Graphics 

128 x 64 Graphics 

128 x 64 Color Graphics 

128 x 96 Graphics 

128 x 96 Color Graphics 

128 x 192 Graphics 

128 x 192 Color Graphies 

256 x 192 Graphics 


= a2 2.22.2200 0000 
ea 0 0 OO KK KK X X 
ma oo 0 .+-.0OO0XXXXXX 
=-090+-0-0-O0XXXXXX 


“*KXXXXXXxX>-O000 
XXXXXXXxXx-0--0 
XKXXXXXXXXXTO- 


TABLE 2 — SUMMARY OF MAJOR MODES 


MAJOR MODE ONE 
TABLE OF ALPHA MINOR MODES 


Alphanumeric (Internal) 


Alphanumeric (External) 


Alpha Semig-4 a 
Alpha Semig-6 Di == NERR 


MAJOR MODE TWO 
TABLE OF MINOR GRAPHICS MODES 


64 x 64 Color Graphic Matrix 64 x 64 
Elements 


128 x 64 Graphics* Matrix 128 
elements wide by 
128% 64 Color Graphic 64 elements high 


128 x 96 Graphics” . Matrix 128 
elements wide by 
128 x 96 Color Graphic 96 elements high 


128 x 192 Graphics*® Matrix 128 
elements wide by 
128 x 192 Color Graphic 192 elements high 


256 x 192 Graphics* Matrix 256 
elements wide by 
192 elements high 


*Graphics mode turns on or off each elernent. Tha color may be one of two. 
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APPENDIX A 
Custom MC6847 Ordering Information 


A.O Custom MC6847 Ordering Information 
The custom MC6847 specifications may be transmitted 
to Motorola in any of the following media: 


1 PROMIs) 

2 Assembler formatted object tape 
3 Punched card deck 

4 Paper tape of card deck format 


To initiate a ROM pattern for the MC6847 it is neces- 
sary to first contact your local field service office, local 
sales person or your local Motorola representative. 


A.1 PROMs 

MCM2708 or MCM2716 type PROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern genera- 
tion. The PROMs must be clearly marked to indicate 
which PROM corresponds to which address space 
(000-3FF HEX). See Figure A-1 for recommended mark- 
ing procedure. 

After the PROMiIs) are marked they should be placed 
in conductive !C carriers and securely packed. Do not use 
styrofoam. 


FIGURE A-1 


xXX = Customer ID 


A.2 Assembler Formatted Object Tape 
Cassette tapes produced on a Silent 700 terminal and 
EXOReciser are acceptable. 


A.3 Punched Card Deck 

The custom MC6847 may be specified for manufacture 
in the form of standard 80-column punched cards. 

The card deck for specifying the Custom MC6847 has 
the following format: 


OPTION CARD 
COMMENT CARDS 
X CARDS 
CCARDS 
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Option Card — The first card in the deck must be the 
OPTION CARD. The format is as follows: 


Column 1-20: Customer name. Any 20 characters may 


be used. 


Column 25-29: This is a 5-digit number assigned by 
Motorola. Leave this field blank. It will 
be punched at Motorola unless otherwise 


notified. 


Column 37-39: Address field base on output listing. The 
characters HEX or DEC specify the out- 
put listing address base as hexadecimal or 
decimal, respectively. If omitted, DEC is 
assumed. 

Column 41-43: Data field base on output listing. The 
characters HEX or DEC specify the 
output listing ROM data base as hexa- 
decimal or decimal, respectively. If 
omitted, DEC is assumed. 


Comment Cards — Comment Cards must have an aster- 
isk (*) in column 1. The remaining 79 columns may con- 


tain any letter, number, or character. 


X Cards — Five X cards are possible. All X cards have 
an X in column 1 and one or three or more words each 
separated by one blank space. 

The possibilities are: 


1) X SEQUENCE 

2) X BASE DEC DEC 
3) X BASE DEC HEX 
4) X BASE HEX DEC 
5) X BASE HEX HEX 


Card 1 specifies that there are sequence numbers on 
each data card that follows. The sequence numbers must 
be in columns 77-79 of the data cards (C Cards) and must 
be in decimal, right justified. The numbers must start with 
1 (orne} and must be in order, The X SEQUENCE Card 
may appear anywhere within the deck after the Option 
Card. If it appears within the data card section, data cards 
encountered before the X SEQUENCE Card will not be 
checked for sequence numbers. All following cards will be 
checked. If no X SEQUENCE Card is used, no sequence 
numbers will be checked. 

It is initially assumed that the address and byte count 
as well as the data specified on the C Cards will be in 
decimal. An X BASE Card can be used to override this 
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specification. The second word on the card (that follow- 
ing BASE) specifies the base (either DEC or HEX) of the 
address and byte count on all following C cards. The last 
word specifies the base of the data fields on the C Cards. 
An X BASE Card may appear anywhere within the deck 
following the OPTION Card. It may be overridden by 
another X BASE Card. All data cards (C Cards) following 
an X BASE Card will be interpreted as per that X BASE 
Card unless another X BASE Card is encountered. Ifno X 
BASE Cards are used, it is assumed that all fields on the C 
Cards are in decimal. 


NOTE: Once an X SEQUENCE Card is encoun- 
tered, all successive cards will be checked for the 
proper sequence number and unlike X BASE Cards 
this option cannot thereafter be altered by another 
X SEQUENCE Card. 


C Cards — These cards contain the actual ROM data. 
All fields are right-justified. 
Column 1: € (the letter C) 
Column 2-9: ADD 
Column 10-12: BYTE 
Column 14-16: DATA 1 
Column 17-19: DATA 2 


Column 76-78: DATA 21 
Column 77-79: DATA 22 or SEQUENCE NUMBER 


ADD is the address of the first byte of data (DATA 1) 


contained on that card. Byte is the number of bytes of 
data to be read from that card. BYTE must be greater 
than zero and less than 23 (1-22) if no sequence numbers 
are used, and less than 22 (1-21) if sequence numbers are 
used. If, for example, there are ten data fields punched on 
the card, buy BYTE = 2, only the first two will be read. 
Also, if there are two punched data fields, for example, 
and BYTE = 6, six ROM locations will be filled from that 
card. The four unspecified fields will be decoded as zero. 
ADD and BYTE are always in the same base (HEX or 
DECIMAL). DATA 1 through DATA N is the data to be 
placed in the ROM at addresses ADD through ADD + 
{N-1), respectively. 

Any ROM address not filled as a result of reading data 
from a C Card will be filled with zero. If a particular 
location has already been specified by a C Card, but a 
successive C Card also has the data which is to be placed 
in that location, the second C Card will override the first. 


A.4 Paper Tape of Card Deck Format 

Punched Paper tape (ASCII) in the same format as 
cards can also be accepted. However, your order will be 
processed faster if the data is in card format. After the 
tape leader there should be aCR LF. Data records should 
be a full 80 columns, each terminated by a CR LF. 
Following the last Data record, there should be one more 


record with the first three characters being EOF, followed 
by 77 blanksanda CRLF. 


CR = Carriage Return 
LF = Line Feed 


FIGURE A-2 


Customer Name 
Address 

City, 

Phone ( 

Contact Ms/Mr. 
Customer Part Number. 


Pattern Media 


2708 PROM 
2716 PROM 


State 
Extension 


Paper Object Tape 
Silent 700 Cassette 


Card Deck 


Tape of Card Deck 


{Note 2) 


Notes: (2) Other media require prior factory approval 


Signature 
Title 


(MA) MOTOROLA Semiconductor Products Inc. 
611 


MC6847 e MC6847Y 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711-02 


MILLIMETERS INCHES 


sun CASE 711-02 


NOTE: 
1. LEADS, TAUE POSITIONEO WITHIN 
0.25 mm (0.010) DIA (AT SEATING 
PLANE), AT MAX. MAT'L 


CASE 715.02 CONDITION. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 715-02 


(A) MOTOROLA Semiconductor Products Inc. 
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QUAD THREE-STATE BUS TRANSCEIVER 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 


input, andhhigh-speed operation made possible by the use of Schottky- 


diode clamping. Both the —-48 mA driver and —20 mA receiver out- 
putsare short.circuit protectedand employ threestate enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices. The maximum 
input current of 200 uA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

The MCBT26A is identical to the NEBT26A and it opeiates from 
a single +5 V supply. 


High Impedance Inputs 

Single Power Supply 

High Speed Schottky Technology 

Three-State Drivers and Receivers 

Compatible with M6800 Family Microprocessor 


MICROPROCESSOR BUS EXTENDER APPLICATION 
tCıock) 
GND«SvV aM 02 


MC6885/MC8T95 


thru 
MC6888/MC8T98 
BUS EXTENDERA 


ADDRESS 
AND 
CONTROL 
BUS 


MC6850 
ACIAs 


Se] 
MC6860 
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MC6880A 
MC8T26A 


This device may be ordered under 
either of the above type numbers. 


QUAD THREE-STATE 
BUS TRANSCEIVER 


MONOLITHIC SCHOTTKY 
INTEGRATED CIRCUITS 


LSUFFIX 


CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS — MC6880A 
MCB8T26A 


Recaner 


Enable 
Input 


Recewer "nn Driver 
[2] pP [15] Enable 


Input 


Ascewver 


Aecewer Driver 


Output [5 | P 112] Input 


4 
Recawer 


ORDERING INFORMATION 


Tempersiure 
Alternate Aange 


Device 
MCasaoar_|mearacar [010 .75°C | Finuc OP] 


MC6880A, MC8T26A 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.} 


Junction Tempersture 
Ceramic Package 
Plastic Package 


Charscteristic 
Input Current - Low Logıc State 
(Receiver Enable Input. Vi (ne) = 0.4 V) NLIRE) 
(Driver Enabie Input, VıLiDe) ' 0.4 V) NLIDE) 
{Driver Input. VıL (Di) * 0.4 V) ILıo 
t8us (Receiver) Input, VL (pr * 0.4 V} HLıB 


input Disabled Current -- !.ow Logic State 
(Driver Input, VıL(o) * 0.4 V) 


Input Current: Hıgh Logic State 
(Recewer Enable Input. ViHiaEt "525 V) IHRE) 
(Driver Ensble Input, VıniDer 525 V) 'IHIDE) 
{Driver Input. Vıyip) : 525 V? "IHfD) 
(Receiver Input, Vintp) " 5.25 v} IHtB) 
Input Voltsge - Low Logic State 
{Aeceıver Enable Input) VILtRE) 
(Driver Enable Input VILIDE) 
{Driver Input) VıL(D) 
[Receiver Input) VıLia) 


n 
a 


Input Voltage — Hıgh Logic State 
{Aeceıver Ensble Input) VIHLAEN 
(Driver Enabie Input! VIHtDEI 
(Driver Input) VIHIDI 
{Receiver Inputl VIHiB) 


Output Voltage - Low Logic State 
(Bus Driver) Output. IoL(B) * 48 mA) 
{Receiver Output, IoLın) ® 20 mA} 
Output Voltage - Hıgh Logic State 
{Bus (Driver) Output, Iomip) - 10 mA) 
(Receiver Output, IoHir) : 2-0 mA! 
{Receiver Output, IQH(A) = - 100 wA,Vcc : 5.0 V) 


Output Dissbled Leahsge Current - Hıyh Logic State 
(Bus Driver) Output, VonHtB) = 2-4 V} IOHLIB) 
{Receiver Output, VOH(A) "2.4 V) IOHLIR) 


Output Dissbled Leskage Current — Low Logic State 
(Bus Output, Vous) : 0.5 VI IOLL(B) 
[Receiver Output, VoLin) = 0.5 V) IoLLiR) 


Input Clemp Voltage 
(Driver Enable Input Iınine) * --12 mA) Vice) 
(Receiver Enable Input Iıc(ae) = +12 mA} VICiAEI 
1Driver Input Iıcto) * -12 mA) Vıc(D) 
Output Short-Ciecunt Current, Vec - 525 V 
(Bus vOrıvert Output) '0Si8) 
{Receiver Output) toS$(Rı 
Power Suppıv Current 
(Vec = 5.25 VI 


100 
0.85 
085 
085 
0.85 
100 
100 
-100 
-100 


IN) Dnıy one outp.: may be short-zircumed aı a tıme. 
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SWITCHING CHARACTERISTICS (Uniess otherwise noted, specifications sppiy at Ta = 25°C and Voc = 6.0 V) 


Propsgstion Delay Time from Receiver (Bus) Input to 
High Logic State Receiver Output 


Propegstion Qelay Time from Recsiver (Bus) Input to 
Low Logic State Rewiver Output 

Propsgstion Delay Time from Driver Input to tPLHID) 
High Logic Stats Driver (Bus) Output 


Propsgation Delay Time from Driver Input to tPHLID) 
Low Logic State Driver (Bun) Output 


Propsgation Delay Time from Recsiver Enable Input to 
igh Impedanos (Open) Logic. State Reciver Output 


Propsgation Deisy Time from Äeasiver Ensbie Input to tPZL(RE) Be, BE 
Low Logic Level Recsiver Output 

Propagation Deley Time from Driver Ensble Input to tPLZ(DE) Ka 
High Impedencs Logic State Driver (Bus) Output 

Propagation Deley Time from Driver Enable Input 10 tPZL(DE) 
Low Logic State Driver (Bus) Output. 


FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT. tpLHiR) AND teHLIR) 


tyrCH S53.0ns tTHL “8.00 
20V 
Input ‘ 16V 
PV 10% 


k Input Put Frequency = 10 MHı 
PHLIR) "PLHR) Duty Cycle = 50% 
VoH 
Output 


To $cope 
(Input 


Asceiver 
Output 


Asceiver (Bus) 
Input 


Driver 
Input 
Pula 
Generator 
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FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER INPUT TO BUS (DRIVER) OUTPUT, tpLnip) AND tpHL(D) 


{tun * 5.08 try 6 5.008 


26V 


ov 


input Pulm Frequency = 10 MHı 
Duty Cycke = 50% 


IHLID) 
VoH 


PLHIO) 


vor 


To Scope 


To Scope 
Unmut) 


Output) 


Oumwut 


Pulm 
Generator 


FIGURE 3 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tpLzine} AND tpzLine) 


ITLHS5Oon 
26V 


trau S 5.0ns 


ov 


tPLZIRE) 
=3I.5V 


tPZLIAE) 


Input Pulme Frequency = 5.0 MHı 
Duty Cycle = 50% 
Output \ 


voL 


T sov 
0 Scope To Scope 


UInput) “ceiver Eneble (Output) 


Input 


Asceiver 
Output 


Puim 
Ganerntor 


Receiver (Bus) 
Input 


IN9 16 


or Equiv. 
Driver Enabie 


Input 
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FIGURE 4 - TEST CIACUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT, tpLzine) AND tpZLIDE) 


ttım <50ns tTHL< 500 


26V 


0% Input Puls Frequency = 5.0 MHı 


r Duty Cycle = 50% 
PZLIDE) tPLZIDE) 


=JI.5V 
Oumut 


VoL 


OV 
To Scope ” 


To Scope Driver Enable (Output) 


Unput) 


P: Driver (Bus) 
“im Output 
Generator 


IN9 16 
or Equw 


FIGURE 5 - BIDIRECTIONAL BUS APPLICATIONS 


Asceiver 
Outpuns Receiver 
Outputs 


Driver O Driver 
Inputs Inputs 


Oriver 
Ensbie To Other 
Drivers/Receivors 
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MC6880A, MC8T26A 


LSUFFIX = P SUFFIX 
N CERAMIC PACKAGE , . PLASTIC PACKAGE 
CASE 8620-02 CASE 648.04 


Agya = 100°C/W (Typ) 


Agya = 100°C/W (Typ) 


H 
| L ch 242% stur, 5 Äh, nl „L ch lass star, “ , nl 
NOTES 
NOTES 1. LEADS WITHIN 0.13 mm 
1 LEADS WITHIN 0.13 mm (0.005) RADIUS 10.006) AADIUS OF TAUE 
OF TAUE POSITION AT SEATING PLANE POSITION AT SEATING 
AT MAXIMUM MATERIAL CONDITION PLANE AT MAXIMUM 
2 PKG.INDEX NOTCHIN LEAO MATERIAL CONDITION 
NOTCH IN CERAMIC OR INK DOT 2. DIMENSION "L" TO 
3 DIM "L" TOCENTER OF LEAOS CENTEA OF LEADS 
WHEN FORMED PARALLEL WHEN FORMED 
PARALLEL 


| 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit the sum of the products of the supplv voltages and supply 
can tolerate at a given operating ambient temperature, car: currents at the worst case operating condition. 


a un -Ta Tjtmax}) = Maximum Operating Junction Temperature 
JImax) "A as listed in the Maxımum Ratıngs Section 


PoTa) ® 
Al AgJAlTyp) Ta = Maximum Desired Operating Ambient 


Where: Pp(Ta) = Power Dissipation allowable at a given Temperature 


RayalTyp) = Typical Thermal Resıstance Junction to 


operating ambient temperature. This must be greater than 
peratınd j ee 2 9 Ambient 
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(A) MOTOROLA 


NON-INVERTING 
QUAD THREE-STATE BUS TRANSCEIVER 

This quad three-state bus transceiver features both encellent MOS 
or MPU compatibility,. due to its high impedance PNP transıstor 
input, and highspeed operation made possible by the use of Schottky 
diode clamping. Both the -48 mA driver and -20 mA receiver outputs 
are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices. The maximum 
input current of 200 uA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

Propagation delay times for the driver portion are 17 ns maximum 
while the receiver portion runs 17 ns. The MCBT2B is identical 10 
the NEBT28 and it operates from a single +5 V supply. 


Hıgh Impedance Inputs 


. 
© Sıngle Power Supply 

© Hıgh Speed Schottky Technology 
© Three-State Drivers and Receivers 
o 
o 


Compatible with M6800 Family Microprocessor 
Non-Inverting 


MICROPROCESSOR BUS EXTENDER APPLICATION 


tCiock) 
GND+S5SvVeı m 


MC6885/MC8T95 
thru 

MC6888/MC8T98 

BUS EXTENDER 


ADDRESS 
AND 
CONTROL 
BUS 


MC6860 Ei 
MODEM 
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M(C6889 
MCB8T28 


This device may be ordered under 
either of the above type numbers. 


NON-INVERTING 
BUS TRANSCEIVER 


MONOLITHIC SCHOTTKY 
INTEGRATED CIRCUITS 


LSUFFIX 


CERAMIC PACKAGE 
CASE 620 


PSUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS — MC6889 
MCBT28 


Racewer 
Output [2) 
1 


Receiver Driver 


Output [5] 112] Input 
4 


Racsıver 
11] Output 


ORDERING INFORMATION 


Temı 
Aange 


messen | mcarzeı | 010 +78° [Ceramic Dır] 
[Messsor | mcarzer | Ot0 +78 C | Pimtie DIR | 


MC6889/MC8T28 


MAXIMUM RATINGS (T, = 25°C unless otherwim noted.} 


Junction Tempersture 
Ceramic Package 
Piastic Package 150 


Operating Ambient Temperature Range | Ta Town | 
Store Temperaure Range [Tag [8107180] 


Charscteristic 


Input Current - Low Logıc State 


Receiver Enabie Input, VıLine) - 04 V) UTeT-73) 
Driver Enable Input, Vi (pe) : 0.4 VI IILiDE} 


(Oriwver Input. ViLıD) = 0.4 VI 
(Bus IReceiver) Input, Vırıe) = 04V) 


'ıLıDı 


Input Disabled Current - Low Logic State 
(Driver Input, VıL«D) * 0.4 VI 


Input Current-Hıgh Logec State 
{Receiver Enable Input, Vınire) = 5.25 VI 
{Driver Ensble Input, VıHtdey.: 5.25 VI 

{Driver Input. Vıy(D) : 5.25 VI! 


IHRE) 
NHIDE) 
!iHtDI 


Input Voltage - Low Logic State 


{Receiver Enable Input) VıLiAE) 
{Driver Enabie Input VILIDEI 


tDriver Input} VıLıDı 
{Receiver Input) YıLıa) 


Input Voltage - Hıgh Logic State 
(Receiver Ensble Input) VIHtRE) 
{Driver Ensble Input) VIHIDE} 
{Driver Input) VIHIDI 

{Receiver Input) VIHIB) 


Output Voltage - Low Logic State 
(Bus Drwer} Output, IQ (B) = 48 mAr 
{Receiver Output, IQL{R) * 20 mA} 
Output Voltsge — High Logic State 
(Bus (Driver) Output, Ioy(g) = 10 mAI 
{Receiver Output, IOHtR) = 2.0 mA) 
(Receiver Output, Iouia) = -100 uA, Vec = 5.0 V) 


Output O1sabled Leakage Current - High Logic State 
{Bus Driver) Output, VOH(B) * 2.4 V) IOHLI(B) 
{Receiver Output, VOHIR) "2:4 V) IOHLIR) 


Qutput Disabled Leakage Current — Low Logic State 
(Bus Output, VoL(B) * 0.5 V) 
{Receiver Output, VoLia) = 0.5 V) 


IOLLIB) 
IoLLiR) 


Input Clamp Voltage 


(Driver Enable Input Iypine) * -12 mA) ViCiDEI 
(Receiver Ensble Input Iıcine) = +12 mA) VICIRE) 
(Driver Input Icio) = -12 mA} Vıc(D) 


Output Short-Circuit Current, Vec = 5.25 V 
{Bus (Driver) Output) 
{Receiver Output) 


Power Suppiy Current 
(Vec "5.25 v} 


(1) Only one output may be short-circuited at a tıme. 
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MC6889/MC8T28 


SWITCHING CHARACTERISTICS (Uniess otherwise noted, Vec = 5.0 V and Ta = 250C} 


Propagation Delay Time-RAecewer (CL = 30 pF) TPLHIRI 
PHLIRI 


Propagstion Delay Time-Driver (CL = 300 pF) 


Propagation Delay Time-Enable (CL = 30 pF) 1PZLIR) 
— Receiver tPLZR) 


— Driver Enabte (C| 300 pF) tPZLID) 
tpLZiD) 


FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT, teLyir) AND tp4L(R) 


tTuL.S50n Tal S50n 
26V 


ov 
Input Puls Frequency 
TR TE PLHIR) Duty Cvcie 
Von 
Output 


To Scope 
input) 


RAsceıver 


Asceıver (Bus) Output 
u 


Purme 
Generator 
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MC6889/MC8T28 


FIGURE 2 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER INPUT TO BUS (DRIVER) OUTPUT, tpL nid) AND !pHLID) 


ttuL “500 
t \ Input Pulse Freauency = 10 MHr 
PHLID) PLHLD) Duty Cycie = 50% 


VoH 
Output 


To Scope EoY Drive To Scope 


Unput! Enapie (Output 


Input 


Orwer 
Bun) 
Ouput 


Ascever 
Output 


Pulse 
Generator 


FIGURE 3 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO AECEIVER OUTPUT, tpLzine} AND tpzLinE) 


tTum S5.ons 
26V 


ov 


IPLZIRE) i tPZLIRE) 
35V — Input Pulse Freauency 5.0 MHı 
Duty Cycle = 50% 
Output 


VoL 


TO SSORE To Scope BaN 


input! Recewver Ensble 1Outpun 
Input 


Asever 
Ouiput 


Pulm Receiver (Bus) 
Generator Input 


Orwer Enable 
Input 
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MC6889/MC8T28 


FIGURE 4 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DAIVER ENABLE INPUT TO DRIVER {BUS) OUTPUT, tpLzide) AND IpzL (DE) 


Tun 50n1-—e| In» 50n 
26V 
Input 
Pr) Input Pulse Frequency 5,0 MHı 
Duty Cycle - 50% 
!PZLIDE) — Me pizioe) 
>I5V 
Outut 


"26V 


To Scope 
Drwer Enable IOutpur) 


To Scope 
(input) 


Input 


Driver 
Input 


Driver {Bus} 
Output 


Pulse 
Generstor “ 


INI IE 
or Equw 


FIGURE 5 - BIDIRECTIONAL BUS APPLICATIONS 


Asceiver 
Outputs Asceiver 
Outpuns 


Driver oO Driver 


Inputs Inputs 


To Other 
Driveru/ Aeceivors 
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MC6889/MC8T28 


LSUFFIX 
CERAMIC PACKAGE 
rn CASE 620.02 


rl Rosa = 100°C/W (Typ) 

_ 
ee 

FRE [7 


le 


A 


NOTES 

1 LEAOS WITHIN 0 13 mm (0.008) RADIUS 
OF TAUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 

2 PKG.INDEN. NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT 

3 OM"L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL 


i 
2 
R 


se 
ee 
BrEseE 


et P SUFFIK 
} u  PLASTIC PACKAGE 
CASE 648.04 


Agya = 100°C/w (Typ) 
| 


RER 


„l eh la; en "= L, wLl 
PLANE 


NOTES 

I LEADS WITHIN 0.13 mm 
(0.006) RADIUS OF TAUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMEO 
PARALLEL 


THERMAL INFORMATION 


The maxımum power consumption an integrated cırcuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

Tytmaxı -TA 


p a Ka 
DIA Rgyaıtyp) 


Where: PpiTa) = Power Dissipation allowable at a given 
Operating ambiıent temperature. Thıs must be greater ihan 


the sum of the products of the supplv voltages and supply 
currents at the worst case Operating condition 


T j{max) * Maxımum Operating Junction Temperature 
as listed ın the Maxımum Ratıngs Section 
Ta = Maximum Desired Operating Ambient 
Temperature 
RayalTyp) = Typıcal Thermal Resistance Junction to 
Ambient 
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8195 B,F + 8T96 B,F - 8197 B,F-8T98 B,F 


DESCRIPTION 

Each of Ihe Tri-State Bus Interface Elements described herein logic inversion, whereas, ihe 8T96 and 8T98 provide the logical 
has low current PNP inputs and is designed wilh Schottky TTL complement of the input. The 8T95 and 8T96 feature a common 
technology for ultra high speed. The devices are used lo convert control line lor all six devices, whereas, the 8T97 and 8T98 have 
TTL/DTL or MOS/CMOS to tri-state TTL Bus levels. For control lines for four devices from one input and two from another 
maximum systems flexibility the 8T95 and 8T97 do so without input. 


PIN CONFIGURATIONS 


B,F PACKAGE 


INı 


out; 


INZ 


OUT, 


INa 


OUTz 


GND 


IL 


TRUTH TABLES 


8T96 


DISABLE INPUT DISABLE INPUT 
DIS DIS2 DIS DIS2 INPUT OUTPUT 


0 
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TRUTH TABLES (Cont(d) 


DISABLE 
DISa 


AC ELECTRICAL CHARACTERISTICS Ta = 25° C and Vec = 5.0V 


TEST CONDITIONS 


INPUT CHARACTERISTICS 
PA = 3V. = IMHz ta = IF = 10n3 (10% to 80%) 
€, INCLUDES PROBE AND JIG CAPACITANCE 


8197 


8T95 B,F - 6T96 B,F + 8T97 B,F - 8T98 B,F 


8T98 


INPUT 


DIS2 INPUT 


PARAMETER 


Propagation Delays 

(All Devices) 

Data Inputs 

to 

Data Outputs 

Disable to Outputs 
Logic "1" to High Z 
Logie "0" to High Z 
High Z to Logic "1" 
High Z to Logic "0" 


OUTPUT 


* Qutput 5-6 only 


See AC Test Figures 
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INPUT 
DIS2 


| mn | Te | max} 


os1ae|ası07| 36/98 |95/97| 06,5 


TRUTH TABLE 


Closed 
Closed 


Closed 
Closed 
Closed 
Open 


INPUT 


"" Quiput 1-4 only» x = Irrelevant 


LIMITS 


Closed 
Closed 
Closed 
Closed 
Open 

Closed 


8T95 B,F - 8T96 B,F «8197 B,F + 8198 B,F 


PROPAGATION DELAYS 


8196/97 


> vd 
2 15V 
Um 


15V Sisv: 


DISABLE 
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OUTPUT 


DISABLE 
wv 
%o je 


LOGIC "0" LEVEL 


DISABLE 
n [* LOGIC “F' LEVEL 


15V 


DESCRIPTION 


The 8T100/101 are universal differential line drivers with tri- 
state outpuls. The various operating modes of Ihe drivers are 
controlled by 2 control lines. By proper controlling these control 
lines, the driver can be made to operate in single ended or multip- 
lexed contiguration. The Iri-state capability allows disabled driv- 
ers to stay on Ihe line in a multiplexed system without loading the 
line. The differenlial feature, when used with suilable line re- 
ceiver eliminates troublesome ground loops and common mode 
noise associated with single wire transmission. 8T101 provides 
clamp diodes from output to Vcc on all drivers. 


TAUTH TABLE 


[e] 
Out 


1 (Source) | 0 (Sink) 
0 (Sink) 1 (Source) 


Driver Of 
(9-4-State) 


Party-Line Hi-2 Hi-Z 
0 (Sink) 1 (Source) 
Party-Line 1 (Source) | 0 (Sink) 
Hi-Z Hi-Z 


AC TEST CIRCUIT 


INPUT CHARACTERISTICS 


PA = 3V, 1= IMHz Ip = IF = 10ns (10% 10 90%) 
CL INCLUDES PROBE AND JIG CAPACITANCE 


PIN CONFIGURATION 


PACKAGE 


LOGIC DIAGRAM 


a 
DATA} IN DIFFERENTIAL 
& OUTPUTS 


2) 
IMODE CONTROL) e ro OTHER DRIVERS 


AC TEST TABLE 


Closed 
Closed 


Closed Closed 
Closed Closed 
Closed Open 

Open Closed 
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MOTOROLA 


Semilconductors 


Adress-BUS-Extender 


ORDERING INFORMATION W 
(Tempersture Range for the following devices = ” 
0. to +75°C) ie 
j 


MC6885/MC8T95 
MC6886/MC8T96 
MC6887/MC8T97 
MC6888/MC8T98 


This device may be ordered under 
either of the above type numbers. 


tPLH tP(Enable) 
ns Typ ns Typ 


CASE 620 


CASE 648 


VoL VoH 
@ loL "48 mA @lon“ -5.2mA los 
Volts Max Volts Min mA Typ 


MC6885/MC8T95 — Hex Buffer 


A hex non-inverting buffer employing Schottky 
technology, this device features low-loading PNP-buffered 
inputs and three-state structures. A two-input NOR gate 
is provided for the three-state enable. This device is 
specified to sink up to 48 mA in the low logic state. 

Second source available as BT95. 


MC6886/MC8T96 — Hex Inverting Buffer 


Identical to the MC6885/MCBT95 except inverting in 
logie structure. The two-input NOR enabling is retained. 
Second source available as 8T96. 


* Add Inverter for MC6886/MCBT96. 


MC6887/MC8T97 — Hex Buffer 


Six unidirectional, non-inverting bus extenders in a 
single package with PNP-buffered inputs and three-state 
outputs. Four of the buffers are controlled by one Enable 
input while the rernaining two buffers are controlled by 
a second Enable input. Both Enable inputs may be tied 
together if all six buffers are required to be controlled 
simultaneously. 

Second source available as 8T97. 


MC6888/MC8T98 — Hex Inverting Buffer 


An inverting version of the MC6887/MC8T97 with 
the same 4/2 Enable control. 
Second source available as BTYB. 


* Add Inverter for MC688B/MCBT98. 
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Oktal Buffers 


DESCRIPTION— The 54LS/74LS240, 241 and 244 are Octal Buffers and Line Drivers 
designed to be employed as memory address drivers, clock drivers and bus-oriented 
transmitters/receivers which provide improved PC board density. 


@ HYSTERESIS AT INPUTS TO IMPROVE NOISE MARGINS 

© 3-STATE OUTPUTS DRIVE BUS LINES OR BUFFER MEMORY ADDRESS REGISTERS 
© OUTPUTS SINK 40 mA AT V. = 0.5 V. 

@ 10 mA SOURCE CURRENT 

© INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS 

© FULLY TTL AND CMOS COMPATIBLE 


SALS/TALS240 5418/7419241 


MOTOROLA 
Sermnioonduetorse 


54LS/74LS240 
54LS/74LS241 
54LS/74LS244 


SALS/T4LS244 


DC CHARACTERISTICE OVER OPERATING TEMPERATURE RANGES (unless otherwise specified) 


SYMBOL | PARAMETER 


| Min [ TYP | max | 


VIH Input HIGH Voltage 


Input LOW Voltage —— 08] 
| (mput Clamp Diode vonage | 1-05] -1:5] 
| 24) 2sl 
a | 2a) al | 


VL 
Vco 


Output HIGH Voltage 


VoL Output LOW Voltage 


IozH 
lozı 


Input HIGH Current 


ms | 
LIMITS UNITS 
2} |v| 
FEENBEERETTIGEN 
I 


| v | vec = Mi, In = -18mA 

| ton = -12 mA] Vec = MIN, Vin = Vin 
| Jon = -15 mA] or VL per Truth Table 

| 5a | | 025] 04| v [iy=t2ma |Vco = MIN. Vin = Vin 
| ousu Omen | | ol] 
now On Gumenı tom [| mol] 
IT vol un | 


TEST CONDITIONS 
Quarenteed Input HIGH Vohage 
tor All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Vcc = MAX, Voyt = 24V, Ve = 2.0V 
Vec = MAX, Vour = 0.4 V, Ve = 2.0 V 
Vec = MAX, Vin = 2.7V 
Vee = MAX, Vın = 7.0 V 


Input LOW Current 4 
f Oulput Short Circuit Current 
= (Note 3) 


Power Suppy | ıs20 | | zo] sol 


Icc 


NOTES: 


Vec = MAX, Vin = 0.4 V 


cc = MAX, Vour = OV 


Vec = MAX, Vin = OV.Vg = 45V 


1. For conditions shown as MIN or Mai. use Ihe appropriate value specified under recommended operating conditions for Ihe applicable device type. 


2. Typıcal limts are al Voc = 5.0 V. Ta = 25°C. 
3. Not more than one oulpul should be shorted al a lime. 


630 


MOTOROLA 


Semliconductors 


Standard Digital BUS-Interfaces 


EIA 
STANDARD 


RS-232C 
DATA COMMUNICATIONS 


EIA Standard RS-232C is an established specification Employing a voltage-mode type driver, RS-232C 
defining the logic levels and impedances at the modem/ requires dual polarity logic signals and power supplies. 
terminal interface. This has been a well-accepted stan- The data is unidirectional and not condusive to party- 
dard for low data-rate systems. Maximum data rate is line operation. Hysteresis is generally employed in 
about 20 kilobaud. RS-232C receivers and a single power supply is required 
at the receiver end. Termination is not required. 


+9 10 +12 V 


Slew 
rate 


control 


Driver Output Voltage 15 VS VoH Ss50V 
{Z, = IKN107K) -5.0V>VoL > -15V 


zo 
(Power Supplies = 0) 
Driver Short-Circuit Current 


Receiver Input Impedance 
| Receiver Output with 300 1 0 Gndo mu ——L—L—LL | Markt | 
| Receiver Output with 3.0 Vonimu 7 | Seele | 

Markt | 


Receiver Output with -3.0 V on Input 
BR < 20 kilabaud 


MOTOROLA 


Semiconductore 


Standard Digital BUS-Interfaces 


EIA 
STANDARD 


RS-232C 
DATA COMMUNICATIONS 


MC1488 — Quad RS-232C Driver, Output Current Limiting 


The MC1488 is a quad inverting TTL or DTL input 
line driver for RS-232C. It is designed to operate on 39 
to +12 V power supplies and at a temperature range of 
O to 70°C. 

Features include guaranteed power-off output im- 
pedance and output current limiting. 


Second sources available. 


VoH VoL tPHL 
@ Vcc/VEE "8.0 V |@ Vec/VeE * 9.0 V @C,-15pF 
Volts Min Volts Max ns Max 


se I so freononzl 1m | 


MC1489 — Quad RS-232C Receiver, 0.25 V Input Hysteresis 


The MC1489 quad inverting RS-232C receiver fea- Temperature range is O to 70°C and power supply 
tures 250 mV of input hysteresis. The threshold window requirement is a single +5 supply. 
may be shifted by means of the response control input. Second sources available. 


MC1489A — Quad RS-232C Receiver, 1.1 V Input Hysteresis 


The MC1489A is an improved version of theMC1489. 


It features 1.1 volts of input hysteresis for improved non a [=] 
performance when slow-slewing input signals are present n 

z . ‚ one 

in noisy environments. Conwaı A 


Second sources are available. inpun [ +} 


tPHL 
Input Veg, | Tnput Vin [er -30n 
Volts Volts ns Max 
MC1489 1,00 1.5 0.75 to 1,25 
MC1489A | 1.7510 2.25 | 0.75 to 1.25 


Aewonm 
Contoi 8 
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SESS3-BA,F e NESS3-BA,F e SE554-BA,F e NES34-BA,F 


TYPICAL APPLICATIONS (CONT’D) 


TWO HOUR TIMER 


TRIGGEA O 


R= 10M 
C = 1BOur 


TRIGGER 


— Tr tacı 20. ———e| 


OUTPUT 


SEQUENTIAL TIMER WITH 
VOLTAGE CONTROLLED CYCLE TIME 
(50:1 RANGE) 


TRIGGER O DO OUTPUT 4 


= TAIGGER | 
OUTPUT 1 | {rn | 


OUTPUT 2 


OUTPUT 3 


OUTPUT 4 4 


NOTE: 14, 12. 13. 14 REMAIN PROPORTIONAL OVER ENTIRE ADJ. RANGE. 
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SS ig 


FEATURES 

«e TIMING FROM MICROSECONDS 
THROUGH HOURS 

OPERATES IN BOTH ASTABLE AND 
MONOSTABLE MODES 

ADJUSTABLE DUTY CYCLE 

HIGH CURRENT OUTPUT CAN SOURCE 
OR SINK 200mA 

OUTPUT CAN DRIVE TTL 
TEMPERATURE STABILITY OF 0.005% 
PER °C 

NORMALLY ON AND NORMALLY OFF 
OUTPUT 


APPLICATIONS 

PRECISION TIMING 

PULSE GENERATION 
SEQUENTIAL TIMING 

TIME DELAY GENERATION 
PULSE WIDTH MODULATION 
PULSE POSITION MODULATION 
MISSING PULSE DETECTOR 


EQUIVALENT CIRCUIT 


PIN CONFIGURATION 
F PACKAGE 


Tauoın 


ante 


CUN TA! 
vor Tası 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
E555 +18V 
NES55 +16V 
Power Dissipation 600 mW 
Operating Temperature 
Range 
NES555 0°C to +70°C 
SE555 -55°C to +125°C 


Storage Temperature 
Range -65°C to +150°C 
Lead Temperature 
(Soldering, 60 seconds) +300°C 
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SESSS-F, T,V- 


T PACKAGE 


NESSS-F, T,V 


OISCHARGE 


V PACKAGE 


saouno[:} 


tasccre [I] 


oureur] 


arser[e] 


TNAESMOLO 


contaoı 


vorrar 


[]vcc 
| »] o1scmance 
le] runesnoro 


[7] contaoı 
vorrast 


ELECTRICAL CHARACTERISTICS TA = 25°C, VCC = +5V to +15 unless otherwise ame etene anst 
PARAMETER 


Supply Voltage 
Supply Current VCCc=5VAL == 
VCC = I15SVAL= = 
Low State, Note 1 
Timing Error (Monostable) RA = 2KN to 100 KN 
Initial Accuracy C = 0.14F Note 2 
Drift with Temperature 
Drift with Supply Voltage 
Timing Error (Astable) RA. AB = 2KN to 100 KN 
Initial Accuracy C = 0.1&F Nole 2 
Drift with Temperature 
Drift with Supply 
Voltage 
Threshold Voltage 
Trigger Voltage VCC = 15V 


Vcc = 5V 


No8. 
oo, 


Trigger Current 

Reset Voltage (Note 4) 

Aeset Current 

Threshold Current Note 3 
Control Voltage Level VCC = 15V 


VCC = SV 
Output Voltage (low) VCC = 15V 
ISINK = 10mA 
ISINK = 50mA 
ISINK = 100mA 
ISINK = 200mA 
Vcc = 5V 
ISINK = 8mA 
ISINK = 5mA 


vSoson-u 


Output Voltage (High) 
ISOURCE = 200mA 
Vcc = 15V 
ISOURCE = 100mA 
VCc = 15V 
VCC = 5V 


Rise Time of Output 
Fall Time of Output 
Discharge Leakage Current 


NOTES 
1. Supply Current when output high typically IimA less. 
2. Tested at VCC = 5V and VCC = 15V 


3. This wıll determine the maximum vahıa ol RA + ABF for 15V operation, the man tolal A = 20 magohm, and for 5V operation, the man. tolal R = 6.8 megohm. 
4, Speciled wıth tngger input high. 
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MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 


MINIMUM PULSEWIDTH - nuac 


LOWEST VOLTAGE LEVEL OF TRIGGER PULSE XV, 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


SUPPLY CURRENT - mA 


SUPPLY VOLTAGE - vol 


LOW OUTPUT VOLTAGE 
vs OUTP! 
SINK CURRENT 


Your = vol 
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BLOCK DIAGRAM 


HIGH OUTPUT VOLTAGE DROP 
vs OUTPUT SOURCE CURRENT 


u S 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


Yayr - vola 


LOW OUTPUT VOLTAGE ELAY TIME vs 


D 
vs OUTPUT SINK CURRENT SUPPLY VOLTAGE 


NORMALIZED OELAY TIME 


SUPPLY VOLTAGE - valtı 


DELAY TIME PROPAGATION DELAY 
vs TEMPERATURE va VOLTAGE LEVEL 
OF TRIGGER PULSE 


NORMALIZED DELAY TIME 
PROPAGATION DELAY - mer 


TEMPERATURE - C LOWEST VOLTAGE LEVEL OF THIGGER PULSE - XV, 
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FEATURES 

« TIMING FROM MICROSECONDS TO 
HOURS 

« REPLACES TWO 555 TIMERS 

« OPERATES IN BOTH ASTABLE, 

MONOSTABLE, TIME DELAY MODES 

HIGH OUTPUT CURRENT 

ADJUSTABLE DUTY CYCLE 

TTL COMPATIBLE 

TEMPERATURE STABILITY OF 0.005% 

PER °C 


ABSOLUTE MAXIMUM RATIONS 


Supply Voltage 
BER 18V 
NESS56 +16V 
Power Dissipation 600mW 


Operating Temperature 
Ran 


ange 
NESSS 0°C to +70°C 
SES56 -55°C to +125°C 
SES56C -55°C to +125°C 
Storage Temperature 
Range -65°C to +150°C 


Lead Temperature 


(Soldering, 60 sec) +300°C 


APPLICATIONS 
PRECISION TIMING 
SEQUENTIAL TIMING 

PULSE SHAPING 

PULSE GENERATOR 
MISSING PULSE DETECTOR 
TONE BURST GENERATOR 
PULSE WIDTH MODULATION 
TIME DELAY GENERATOR 
FREQUENCY DIVISION 
INDUSTRIAL CONTROLS 
PULSE POSITION MODULATION 
APPLIANCE TIMING 
TRAFFIC LIGHT CONTROL 
TOUCH TONE ENCODER 


Oma 
Thremoid 


Conwo! Vorwge 


BLOCK DIAGRAM 


OIScHange 


TRIGGER 


GROUND 
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FF zz „_ ı_w_ı .- 


PIN CONFIGURATION 
A PACKAGE 


Vec 


OISEHARGE 


THRESMOLD 


CONTROL VOLTAGE 
RESET 


ELECTRICAL CHARACTERISTICS T, = 25°C, Vec = +5V to +15 unless otherwise specified 


PARAMETER TEST CONDITIONS EIH 


Supply Voltage 
Supply Current VCo=5V AL=» 
VCC= 15V Al=» 
Low State, Note 1 
Timing Error (Monostable) RA=2KN to 100KN 
Initial Accuracy C=0.1#F Note 2 
Drift wilh Temperature 
Drift with Supply 
Voltage 
Timing Error (Astable) 
Initial Accuracy h C= 0.14F Note 2 
Drift with Temperature 
Drift with Supply 
Voltage 
Threshold Voltage 
Threshold Current Note 3 
Trigger Voltage Vec= 15V 
Vec= 5Vv 
Trigger Current 
Reset Voltage (Note 5) 
Reset Current 
Control Voltage Level Vcec = 15V 
Vcce = 
Output Voltage (low) Vec = 15V 
ISINK = 10mA 
ISINK = 50mA 
ISINK = 100mA 
ISINK = 200mA 
Vcc = 5V 
ISINK = 8mA 
ISINK = 5mA 
Output Voltage (high) 
ISOURCE = 200mA 
VCC = 15V 
ISOURCE = 100mA 
VCC = 15V 
Vcc = 5v 
Rise Time of Output 
Fall Time of Output 
Discharge Leakage Current 
Matching Characteristics 
(Note 4) 
Initial Timing Accuracy 
Timing Drift with 
Temperature 
Drift with Supply 
Voltage 


NOTES: 
. Supply current when outpul is high is typrcally 1.Oma less. 
. Tested at VCC = SV and VCC = 15V, 


sa0n„ 


. Specified with tngger input high. 


Aa. Ag=2KN to 100KN 
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SES556 


NESS6 


[_ Typ [max I min I TvP_T max | 


. This will determine the maximum value ol AA + ABlor 15V operation, themaximum total A = 20 meg-ohms. and for SV operation, the max. lolal A = 6.8 meg-ohm. 
. Matching characteristics reter to the ditferance between performance characteristics of each lımer seclion. 


TYPICAL CHARACTERISTICS 


MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 


SUPPLY CURRENT - mA 


MINIMUM PULSEWIDTH - rumr 


LOWEST VOLTAGE LEVEL OF TRIGGER PULSE AV, 


HIGH OUTPUT VOLTAGE DROP 
va OUTPUT SOURCE CURRENT 


LOW OUTPUT VOLTAGE 
va OUTPUT SINK CURRENT 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


SUPPLY VOLTAGE - vol 


LOW OUTPUT VOLTAGE 
ve 
SINK CURRENT 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


EYEISAE CHARACTERISTICS (CONT’D) 


DELAY TIME vs 
SUPPLY VOLTAGE 


NORMALIZEO DELAY TIME 


SUPPLY VOLTAGE velts 


PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 


PROPAGATION DELAY - nur 


LOWEST VOLTAGE LEVEL OF TAIGGER PULSE- KV... 
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NORMALIZED DELAY TIME 


DELAY TIME 
ve TEMPERATURE 


TEMPERATURE - °C 


% 


Zilog 
Product Specification 


The Zilog Z-80 product line is a complete set of micro- 
computer components, development systerns and support 
software. The Z-80 microcomputer component set includes 
all of the circuits necessary to build high-performance 
microcomputer systems with virtually no other logic and a 
minimum number of low cost standard memory elements. 


The Z-80 Parallel 1/O (PIO) Interface Controller is a 
programmable, two port device which provides TTL com- 
patible interfacing between peripheral devices and the 
Z80-CPU. The Z80-CPU configures the Z80-PIO to inter- 
face with standard peripheral devices such as tape punches, 
printers, keyboards, etc. 


Structure 


N-Channel Silicon Gate Depletion Load technology 

40 Pin DIP 

Single 5 volt supply 

Single phase 5 volt clock 

Two independent 8-bit bidirectional peripheral interface 
ports with ""handshake” data transfer control 


Features 


® Interrupt driven “'handshake” for fast response 
© Any one of the following modes of operation may be 
selected for either port: 
Byte output 
Byte input 


+5V GND $ 


INTERNAL 
CONTROL 
LOGIC 


CPU DATA BUS 
INTERFACE 6 


PIO CONTROL 
LINES 


INTERRUPT 
CONTROL 


INTERRUPT CONTROL LINES 


FIGURE 1 


COMPONENTS 


Z-80 PIO 
Z-80A PIO 


Byte bidirectional bus (available on Port A only) 
Bit Mode 
© Programmable interrupts on peripheral status conditions. 
e Daisy chain priority interrupt logic included to provide 
for automatic interrupl vectoring without external logic. 
© Eight outputs are capable of driving Darlington 
transistors. 
© Allinputs and outputs fully TTL compatible. 


PIO Architecture 


A block diagram of the Z80-PIO is shown in figure 1. 
The internal structure of the Z80-PIO consists ol a 
Z80-CPU bus interface, internal control logic, Port A 1/O 
logic, Port B I/O logic, and interrupi control logic. A 
typical application might use Port A as the data transfer 
channel and Port B for the status and control monitoring. 


The Port 1/O logic is composed of 6 registers with 
“handshake” control logic as shown in figure 2. The 
registers include: an 8-bit input register, an 8-bit output 
register, a 2-bit mode control register, an B-bit mask register, 
an 8-bit input/output select register, and a 2-bit mask 
control register. The last three registers are used only when 
the port has been programmed to operate in the bit mode. 


DATA 
OR CONTROL 


Yannonse au 


DATA 
OR CONTROL 


PERIPHERAL 
INTERFACE 


} HANDSHAKE * 


* Not used in bit mode. 


PIO BLOCK DIAGRAM 


Ya 1-80 PIO Z-80A PIO BIN 
Zilog 


Register Description 
Mode Control Register—2 bits, loaded by CPU to select Ihe interface pins that are to be monitored and, if an inter- 
operating mode: byte output, byte input, byte bidirec- rupt should be generated when all unmasked pins are 
tional bus or bit mode. active (AND condition) or, when any unmasked pin is 


active (OR condition). 
Data Output Register-8 bits, permits data to be transferred ( ) 


from the CPU to the peripheral. Mask Register—8 bits, loaded by the CPU to determine 
which peripheral device interface pins are to be moni- 


Data Input Register-8 bits, accepts data from the peri- tored for the specified status condition. 


pheral for transfer to the CPU. 

Input/Output Select Register-8 bits, loaded by the CPU to 
allow any pin to be an output or an input during bit 
mode operation. 


Mask Control Register—2 bits, loaded by the CPU to sspecify 
the active state (high or low) of any peripheral device 


(8 BITS) 


6 BIT 1/O BUS 


REG 


(8 BITS) (8. BITS) fg 


INTERRUPT HANDSHAKE 
REQUESTS 


* Used in the bit mode only to allow generation of an 
interrupt d the peripheral 1/O pins go to Ihe specified state. 


FIGURE 2 
A TYPICAL PORT 1/O BLOCK DIAGRAM 
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Wa 1-80 PIO Z-804 PIO 


COMPONENTS 


Zilog 


Z-80 PIO Pin Description 


MI Machine Cycle One Signal from CPU (input, 
5 active low) 
D. 
Data a IORQ Input/Output Request from Z80-CPU (input, 
u &% ronra active low) 
> PER 
” RD Read Cycle Status from the Z80-CPU (input, 
ont ara atı active low) 
CONTAOL/DATA 
insel oa — IEI Interrupt Enable In (input, active high) 
FROM un —.- 
=“ Tome IEO Interrupt Enable Out (output, active high). IEI 
[3 
FEDER and IEO form a daisy chain connection for 
Bi Bi priority interrupt control. 
. INT Interrupt Request (output, open drain, active 
Sn = low) 
Ser int abe 
CONTROL | nr enasue our AyA7 Porı A Bus (bidirectional, tristate) 
A STB Port A Strobe Pulse from Peripheral Device 
(input, active low) 
D,-Dy Z80-CPU Data Bus (bidirectional, tristate) A RDY Register A Ready (output, active high) 
B/A Sel Port Bor A Select (input, active high) BB} Port B Bus (bidirectional, tristate) 
trol i i i 
SID Sal; Eontrel or Data SeIEer RUN. Belyenign) B STB Port B Strobe Pulse from Peripheral Device 
CE Chip Enable (input, active low) (input, active low) 
® Systern Clock (input) B RDY Register B Ready (output, active high) 
Timing Waveforms 
OUTPUT MODE 
An output cycle is always started by the execution of an v 
output instruction by the CPU. The WR pulse from the FR 
CPU latches the data from the CPU data bus into the 
selected port’s output register. The write pulse sets the nt 
ready flag after a low going edge of ®, indicating data is Acabv 


available. Ready stays active until ihe positive edge of the 
strobe line is received indicating that data was taken by the 
peripheral. The positive edge of Ihe strobe pulse generates 
an INT if the interrupt enable flip flop has been set 

and if this device has the highest priority. 


INPUT MODE 


When STROBE goes low data is loaded into the 
selected port input register. The next rising edge of strobe 
activates INT if interrupt enable is set and this is the 
highest priority requesting device. The following falling 
edge ol & resets Ready to an inactive state, indicating that 
the input register is full and cannot accept any more data 
until the CPU completes a read. When a read is complete 
the positive edge of RD will set Ready at the next low 
going transition of ®. At this time new data can be loaded 
into Ihe PIO. 


PORT INPUT == —— 


Bırsı 


AD" "AD CE C/D- IORQ 


MODE 0 (OUTPUT) TIMING 


wa* = AD- ce €7b- ıora 


SAMPLE 


MODE 1 (INPUT} TIMING 


Ym z-80 PIO Z-80A PIO COMPONENTS 


Zilog Timing Waveforms 
BIDIRECTIONAL MODE 
This isa combination of modes 0 and 1 using all four u 


handshake lines and the 8 Port A 1/O lines. Port B must be m, 
set to the Bit Mode. The Port A handshake lines are used 
for output control and the Port B lines are used for input 


ARDY 


control. Data is allowed out onto the Port A bus only when Di 
A STB is low. The rising edge of this strobe can be used to are 


latch the data into the peripheral. 


wi 


este 


Bay 
WR* «RD - CE ©/D-I0RQ 


BIT MODE 


The bit mode does not utilize the handshake signals 
and a normal port write or port read can be executed at any 
time. When writing, the data will be latched into the output 
registers with the same timing as the output mode. 


a 
poRt 
DATA BUS 


DATA MATCH 


OCCURS HERE 


When reading the PIO, the data returned to the CPU will wöRd 
be composed of output register data from those port data 
lines assigned as outputs and input register data from those 
port data lines assigned as inputs. The input register will 60, 
contain data which was present immediately prior to the PR ES ENONEN 
falling edge of RD. An interrupt will be generated if * Timing Diagram Relers 10 Bit Mode Read. 
interrupts from the port are enabled and the data on the 


port data lines satis[y the logical equation defined by the 
8-bit mask and 2-bit mask control registers. 


INTERRUPT ACKNOWLEDGE 


During MI time, peripheral controllers are inhibited from 
changing their interrupt enable status, permitting (he INT 
Enable signal to ripple through the daisy chain. The peri- 


Last Tr .|1.- 
mare Ill] 1] 


LampLL 
pheral with IE] high and IEO low during INTA will place a B = 
preprogrammed 8-bit interrupt vector on the data bus at ps Vemesue. wrkı 
this time. IEO is held low until a return from interrupt = 
(RETI) instruction is executed by the CPU while IEI is uo 
high. The 2-byte RETI instruction is decoded internally by w 


the PIO for this purpose. 
RETURN FROM INTERRUPT CYCLE 


If a Z80 peripheral device has no interrupt pending and 
is not under service, then its IEO=IEI. If it has an interrupt 
under service (i.e., it has already interrupted and received N " If] % T 1; T T r 
an interrupt acknowledge) then its IEO is always low, in- ® | | [ | [ | | | | | | | | | | | ] | | 
hibiting lower priority chips from interrupting. If it has 
an interrupt pending which has not yet been acknowledged, 
IEO will be low unless an “ED” is decoded as the first byte 
of a two byte opcode. In this case, IEO will go high until B 
the next opcode byte is decoded, whereupon it will again  "° I EEE | 
golow. Ifthe second byte of ihe opcode was a “4D” then 


the opcode was an RETI instruction. 90:0) 


After an “ED” opcode is decoded, only ihe peripherl_  ______L_LL 
device which has interrupted and is currently under service f 


will have its EI high and its IEO low. This dviceshe —oö2TTT un : 
highest priority device in the daisy chain which has receiv- ,. 17 
ed an interrupt acknowledge. All other peripherals have 
lEI=IEO. If the next opcode byte decoded is “4D”, this 


peripheral device will reset its “interrupt under service” 
condition. 
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Ya 2-80 PIO Z-80A PIO COMPONENTS 
Zilog PIO Programming 


LOAD INTERRUPT VECTOR INTERRUPT CONTROL 
Bit 7=1 interrupt enable is set-allowing 


The Z80-CPU requires an 8-bit interrupt vector be supplied 
interrupt to be generated. 


by the interrupting device. The CPU forms the address for 


the interrupt service routine of the port using this vector. Bit 7=0 indicates the enable flag is reset and 
During an interrupt acknowledge cycle the vector is placed interrupts may not be generated. 
i iorit i t- 5 R h n 
on the 2-80 data bus by the highest prIOrt y.devise zeques Bits 6,5,4 are used in the bit mode interrupt 
ing service at (hat time. The desired interrupt vector is Snerationg:olheriwiee thev.äre 
loaded into the PIO by writing a control word to the P & R yar 
disregarded. 


desired port of the PIO with the following format. 
Bits 3,2,1,0 signify that this command word isarı 


DB 05 m DI D interrupt control word. 


Drecnane 
P D6 b5 D4 b} 
ägnifies this control word is an interrupt 
a enJerfeef] [| 
Low follows 
DT — Tr Tg 


used ın Mode Junly _signilies interrupt control wurd 


SELECTING AN OPERATING MODE 


When selecting an operating mode, the 2-bit mode con- 
trol register is set to one of four values. These two bits are 
the most significant bits of the register, bits 7 and 6; bits 5 
and 4 are not used while bits 3 through O are all set to 1111 
to indicate “set mode. DD 5a 


D? 
ENEIEBENEHENENEN Only those port lines whose mask bit is a O0 will be monitored fur 
< 7 generating an interrupt. 


mode Da signifies niode word 
10 be set 


If the “mask follows” bit is high (D4.= 1), the next 
control word written to the port must be the mask. 


X=unused bit 
The interrupt enable flip-flop of a port may be set or 
reset without modifying the rest of the interrupt control 
word by the u command. 
D7 D6 DI D: 


DI 
Ouipn EEIEIEIEIKIENEN 


Input 
Bidirectional 
Bit 


MODE 0 active indicates that data is to be written from 
the CPU to the peripheral. 

MODE 1 active indicates that data is to be read from the 
peripheral to ihe CPU. 

MODE 2 allows data to be written to or read from the 
peripheral device. 

MODE 3 is intended for status and control applications. 
When selected, the next control word must set the 1/O 
Register to indicate which lines are to be input and 
which lines are to be output. 

1/O = I sets bit to input. 
L/O = 0 sets bit to output. 


D7 D6 D5 D3 D? Do 


DODODEE 


646 


Ya 1-80 PIO Z-80A PIO 


COMPONENTS 


Zilog Z-80 PIO A.C. Characteristics 


TA =0° Cto 70°C, Vcc=+5 V 3 5%, unless otherwise noted 


EEE as EIEIEn 


Clock Period un N 
S (onI Clock Pulse Width, Clock High er 
WW IOL) Clock Pulse Widih, Clock Low 170 
[Dar Clock Rise and Fall Times 


COMMENTS 


Data Output Delay from Falling Edge ol AD 
Date Set-Up Time to Aising Edge ol PDuring Write or Mi 
Cycle 

Data Output Delay from Falling Edge of JORO During INTA 
Cycle. 

Delay to Flosting Bus (Output Buffer Disable Time} 


{OR (D) 
'sb (D) 


{DI (D) 


'F (0) 


IOH (10) IEO Delay Time from Rising Edge o1 IEI 210 IS) 
DL (10) IEO Delay Time from Fatling Edge of IEI 190 
tom (10) IEO Delay from Falling Edge of Mi (Interrupt Occurring Just 300 

Prior to MI} See Note A. 


(5) CL = 50pl 
ee] 1se um | TORG Setup Time 10 Aiing Edge 01 ® During Rena or Weite lee 7 
Cycle 


(51 
Mi Set-Up Time to Aising Edge ol ® During INTA or Mi 


Cycle. See Note B. 


15 (PO) Port Data Set-Up Time to Rising Edge of STROBE (Mode 1] 

1os (PO) Port Data Output Delay from Falling Edge of STROBE 
(Mode 2} 

IF (PD) Delay to Floating Port Data Bus from Rising Edge of 
STROBE [Mode 2) 

tDI (PD) Porı Data Sısble from Rising Edge of IORO During WR 
Cyde [Mode 0) 


wisn Pulse Widıh, STROBE 


int Delay Time from Rising Edge of STAOBE 
INT Delay Time from Osta Match During Mode 3 Operation 


toM (Ay) | Ready Response Time from Rising Edge of IORÜ 


ising Edge of STROBE 


DL iayı Ready Response Time from 


A. 251. >IN-2 tpL (10) + tom (101 * 15 (igı) + TTL Buffer Delay. ıl any I ter twon) Hiwien) *trttr 
B. MT munt be active for a minimum of 2 clock periodt 10 reset the PIO, 12] Increase tn (0) by 10 nsec for each SO pf increase in loading up to 200 pi max. 
[3] Increase (1 0) by 10 nsec for sach SO pf incresse in toading up to 200 pf max. 
14] For Mode 2: tw ist) >15 (PD} 
[5] Increase these values by 2 neec for each 10 pf increase in loading up to 100 pf man. 


Output load circuit. 


vu 


Tesr son aan 


nos OUTRUT Bude Tale a 
den tust ER)-CR, BIN LOUIVALENT 
en €" Som On Dar 


" Yöpt Om ALL OTMERE 


Capacitance 
TA =25°C,f=1 MHz 


mbar Tanne [Ms [GT Toncemdin 
Tee eisen [m Ir | 


ET EL TE 
BT 


Unmeasured Pins 


Returned tu Ground 
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Ya 1-50 PIO Z-80A PIO 


COMPONENTS 


Zilog Timing measurements are made at the following voltages, unless otharwisa specified: 


ty) 


wel)» 


ec 


Do-D7 


ORG 


Mi 


IEI 


IEO 


(A STB OR B STB) 


{MODE 2} 


_A,, 
zo u {MODE 1) 
0-87 


MODE 3} 


u 
CLOCK 4.2V 
OUTPUT 2.0V 
INPUT 2.0V 
FLOAT av = 


T2 TYTWw 


15.(RD} 


aa KLARE.) 0 m 


lien) 
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ng0 
0.8V 


0.8V 
0.8V 


+0.5V 


| t5,1D) | 


14/13 r 


— pt —e 


A.C. Timing Diagram 


tg, {Av 


/ z-80 PIO Z-80A PIO COMPONENTS 
Z 
Zilog Z-30A PIO A.C. Characteristies 


TA =0°Ct0 70°C, Vec=+5 V 3 5%, unless otherwise noted 


Een Aa Da Tas Tomn Team 


Clock Period I] 
Ctock Pulse Widıh, Clock High 
Clock Pulse Width, Clock Low 
Clock Rise and Fell Times 


Mi (bH) 
tw (PL) 
et 


Control Signal Set-Up Time 10 Rising Edge ol ıb During 
Read or Weite Cycle 


{DA (0) Dats Output Delay From Falling Edge of AD 

%Sp (D) Ds Set-Up Time to Rising Edge 01 ıl During Write or 
MI Cycle 

1 (0) Dats Output Delay from Falling Edge ol [ORG During INTA 
Cycde 

tr (D) Delay to Fioating Bus (Output Bulfer Disabie Time) 


ton 110} | EO Delay Time from Rising Edge of IEI 
toL (10) | !EO Delay Time from Falling Edge of HEI = (61 CL "SOnt 
DM (10) IEO Delay trom Falling Edge of MT (Interrupt Oczurring Jun 190 151 

Prior to MI} See Note A. 


ORG TORG Set-Up Time to Rising Edge of ® During Read or 
Write Cycle. 
Mi Set-Up Time to Rising Edge of ® During INTA or Mi 
Cydie Ses Note B 
reelle 
Cyde 


15 (PD) Port Data Set-Up Time to Rising Edge ol STROBE (Mode 1) 
Ds (PD) | Port Data Ourput Delay from Falling Edge of STROBE 210 (51 
AgA7. {Mode 2} 
BoB7 tr (po) Delay to Fiosting Port Data Bus from Aising Edge ol STAOBE 180 CL = 5Opf 
{Mode 2} 
1oı (Pp} Port Data Stable from Arning Edge of IORO During WA 180 {5 
Cycie [Mode 0) 


F3 un INT Detay time from Rising Edge ci STROBE 
F3 uTa INT Delay Time trom Daws Match During Mode 3 Operation 


Ready Response Time from Rising Edge ol TÖRO 


DH (RYI 


tDLirYy) | Ready Response Time from Rising Edge ol STROBE 


A. 2.51.>N-2) pr (10) * tDM (10) * 15 (en) + TTL Buffer Delay. Hl any DI etw tr twebl tt 4 
B. MI munt be sctive for a minimum of 2 clock periods to reset the PIO, (2) Increase (pr 0} by 10 nsec for each 50 pf increase in loading up 10 200 pf man. 
[3} Increase 101 (0) by 10 nıec for esch 50 pf increase in loading up to 200 pl max. 


14] For Mode 2: tw ist1>!5 (PD) 
[51 Increase these values by 2 nsec for each 10 pf increase in loading up to 100 pt man. 
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Ya 1-80 PIO Z-80A PIO COMPONENTS 


Zilog 
Absolute Maximum Ratings 


Temperature Under Bias Specified operating range. 


Storage Temperature -65° C 10 +150°C 
Voltage On Any Pin With 

Respect To Ground -0.3 V 10 +7 V 
Power Dissipation 6W 


Z-80 PIO and Z-80A PIO 
D.C. Characteristics 


*Comment 
Stressesabove those listed under "Absolute Maximum 
Rating" may cause permanent damage lo the device. 
This is a stress rating only and funclional operation ol 
the device at these or any other condition above Ihose 
indicated in the vperational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect 
device reliability. 


Note: All AC and DC characteristics remain the same for 
the military grade parts encept I... 


Ice = 130 mA. 


TA =0°C 10 70°C. Ver =5 V # 5% unless oıherwise specified 


Darlington Drive Current 


bi) 
% 


” 


D, 
OR 
"u 
% 

D 
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Ordering Information 


€ — Ceramic 

P— Plastic 

S — Standard SV + 5% 0° t0 70°C 

E — Extended SV + 5% —40° to 85°C 
M — Military SV + 10% —55° to 125°C 


INT ENABLE IN 


INT ENABLE OUT 


loL *2.0mA 
IoH - 250 4A 


Vin =0OtoVec 
Your * 24 10 Vec 
Vout *04V 
0<VYnsVe 


Package Outline 


F - 7100 Max 
j 
! 


514 11 3056) 
SB8 11 49551 


230 Max 158421 


a 


016. 10981 ale 090 1 22861 An | eo am | 
023 1 0584) 10012541 Mm Tom 


tvP 


"Dimensions for metric system are in parentheses 


Example: 


Z80-PIO CS (Ceramic —Standard range) 
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Zilog 


Product Specification 


The Zilog Z80 product line is a complete set of micro- 
computer components, development systems and support 
software. The Z80 microcomputer component set includes 
all of the circuits necessary to build high-performance 
microcomputer systems with virtually no other logic and 
a minimum number of low cost standard memory elements. 


The Z80-Counter Timer Circuit (CTC) is a programmable, 
four channel device that provides counting and timing 
functions for the Z80-CPU. The Z80-CPU configures the 
Z80-CTC’s four independent channels to operate under 
various modes and conditions as required. 


Structure 


N-Channel Silicon Gate Depletion Load Technology 
28 Pin DIP 

Single 5 volt supply 

Single phase 5 volt clock 

Four independent programmable 8-bit counter/16-bit 
timer channels 


Features 


e Each channel may be selected to operate in either a 
counter mode or timer mode. 
© Programmable interrupts on counter or limer states. 


EA INTERNAL 
SSVLEND: CONTROL 


ll ir 


INTERRUFT CONTROL 


LINES 


COMPONENTS 


Z-80 CTC 
Z-80A CTC 


© Atime constant register automatically reloads the 
down counter at zero and the cycle is repeated. 

© Readable down counter indicates number of counts-to-go 
until zero. 

© Selectable 16 or 256 clock prescaler for each timer 
channel. 

© Selectable positive or negative trigger may initiate limer 
operation. 

© Three channels have zero count/timeout outputs capable 
of driving Darlington transistors. 

© Daisy chain priority interrupt logic included to provide 
for automatic interrupt vectoring without external logic. 

© All inputs and outputs fully TTL compatible. 

© Outputs directly compatible with Z80-SIO. 


CTC Architecture 


A block diagram of the Z80-CTC is shown in figure 1. 
The internal structure of the ZBO-CTC consists ofa Z80-CPU 
bus interface, internal control logic, four counter channels, 
and interrupt control logic. Each channel has an interrupt 
vector for automatic interrupt vectoring, and interrupt 
priority is determined by channel number with channel 
having the highest priority. 


The channel logic is composed of 2 registers, 2 counters 
and control logic as shown in figure 2. The registers include 
an B-bit time constant register and an 8-bit channel control 
register. The counters include an 8-bit readable down 
counter and an 8-bit prescaler. The prescaler may be 
programmed to divide the system clock by either 16 or 256. 


CHANNEL 9) 


ZERO COUNT/TIMEOUT 9 


CLOCK/TRIGGER 9 


ZERO COUNT/TIMEOUT I 


CLOCK/TRIGGER | 


ZERO COUNT/TIMEOUT 2 


CLOCK/TRIGGER 2 


CLOCK/TRIGGER 3 


FIGURE 1 
CTC BLOCK DIAGRAM 
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Zilog Channel Counter and Register Description 
Time Constant Register — 8 bits, loaded by the CPU to count of zero. At any time, the CPU can read the number 
initialize and re-load Down Counter at a count of zero. of counts-to-go until a zero count. This counter is de- 


cremented by the prescaler in timer mode and CLK/TRIG 


Channel Control Register — 8 bits, loaded by the CPU to in counter mode. 


select the mode and conditions of channel operation. 

Prescaler — 8 bit counter, divides system clock by 16 or 
Down Counter — 8 bits, loaded by the Time Constant 256 for decrementing Down Counter. It is used in timer 
Register under program control and automatically at a mode only. 


CHANNEL 
: TIME 
EEE Bi  CONSTANT 
AND LOGIC \ REGISTER 
(8 BITS) (K BITS) 


DOWN ZERO COUNT/TIMEOUT 
COUNTER 
(8 BITS) 


PRESCALER 
(8 BITS) 


EXTERNAL CLOCK/TIMER TRIGGER 


FIGURE 2 
CHANNEL BLOCK DIAGRAM 


Z-80 CTC Pin Description 


CuRrrang CLK/TRGg Channel ® External Clock or Timer Trigger 
2e708 (Input) 
CimsTaoy 


BETON: „EHE CLK/TRGI| Channel I External Clock or Timer Trigger 


ELR/TAGz (Input) 
Zertoz 
CuRıTRa, CLK/TRG> Channel 2 Extemal Clock or Timer Trigger 
So ko m 
FROM 
@v [iono CLK/TRG3 Channel 3 External Clock or Timer Trigger 
Daisy ® (Input) 
un % 
CconTaoL ano ZC/TOg Channel ® Zero Count or Timeout 


(output, active high) 
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Timing Waveforms 


ZC/TO] Channel ] Zero Count or Timeout 
(output, active high) 

ZC/TO>2 Channel 2 Zero Count or Timeout 
(output, active high) 

CS; - CS$ Channel Select (input, active high). These 
form a 2-bit binary address of the channel 
to be accessed. 

D7 -Dp Z80-CPU Data Bus (bidirectional, Lristate) 

CE Chip Enable (input, active low) 

® System Clock (input) 

Mi Machine Cycle One Signal from Z80-CPU 
(input, active low) 

IORQ Input/Output Request from Z80-CPU (input, 
active low) 

CTC WRITE CYCLE 


Illustrated here is the liming for loading a channel control 
word, time constant and interrupt vector. No wait states are 
allowed for writing to the CTC other than the automatically 
inserted (Tw*). Since (he CTC does not receive a specific 
write signal, it internally generates its own from the lack of 
ın RD signal. 


-TC READ CYCLE 


Illustrated here is the timing for reading a channel’s 
Down Counter when in Counter Mode. The value read 
»nto the data bus reflects the number ol external clock’s 
ising edges prior to the risingedge of cycle (T5). No wait 
states are allowed for reading the CTC other than the auto- 
natically inserted (T,,*). 


INTERRUPT ACKNOWLEDGE CYCLE 


Some time after an interrupt is requested by the CTC, the 
CPU will send out an interrupt acknowledge (Mi and IORQ). 
During this time the interrupt logic of the CTC will determine 
the highest priority channel which is requesting an interrupt. 
To insure that the daisy chain enable lines stabilize, channels 
are inhibited from changing their interrupt request status 
when MI is active. If the CTC Interrupt Enable Input (IEI) 

ß active, then the highest priority interrupting channel 
places the contents of its interrupt vector register onto the 
Data Bus when IORQ goes active. Additional wait cycles 
are allowed. 
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Z-80 CTC Pin Description (continued) 


Read Cycle Status from the Z80-CPU (input, 
active low) 


Interrupt Enable In (input, active high) 


Interrupt Enable Out (output, active high). 
IEI and IEO form a daisy chain connection 
for priority interrupt control 


Interrupt Request (output, open drain, 
active low) 


RESET stops all channels from counting and 
resets channel interrupt enable bits in all 
control registers. During reset time ZC/TOp.2 
and INT go to the inactive states, IEO reflecis 
the state of IEI, and the data bus output drivers 
go to the high impedance state (input, active 
low) 
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Zilog Timing Waveforms (continued) 


RETURN FROM INTERRUPT CYCLE 


If a Z80 peripheral device has no interrupt pending and is an Mae De, Ware Hr Hi 


not under service, then its IEO = IEI. If it has an interrupt ar N] N N] N N 11 MN n nl nl 


under service (i.e. it has already interrupted and received an 


interrupt acknowledge) then its IEO is always low, inhibit- mi \ / \ / 
ing lower priority chips from interrupting. If it has an inter- 
rupt pending which has not yet been acknowledged, IEO AD / \/ 
will be low unless an “ED” is decoded as the first byte ol a 
1 90-07 


two byte opcode. In this case, IEO will go high until the next 
opcode byte is decoded, whereupon it willagaingolow | === | nn 
the second byte of the opcode was a ““4D” then the opcode 
was an RETI instruction. 1EO / 
After an “ED” opcode is decoded, only the peripheral 
device which has interrupted and is currently under service 
will have its IEI high and its IEO low. This device is the high- 
est priority device in (he daisy chain which has received an 
interrupt acknowledge. All otlıer peripherals have IEI = IEO. 
If ihe next opcode byte decoded is ‘“‘4D”, this peripheral 
device will reset its “interrupt under service” condition. 


Wait cycles are allowed in ihe MI cycles. 


DAISY CHAIN INTERRUPT SERVICING 


HIGHEST PRIORITY CHANNEL 
CHAnNELB CHAMMEL | CHANNEL Z CHARNEL) 


Nlustrated at right isa typical nested interrupt sequence ra EEE nu CHE ni fo «o] nu 


which may occur In the CTC. In this sequence channel 2 1 PRIORITY INTERRUPT DAISY CHAIN BEFORE AMY INTERAUPT OCCURS. 
UNDER SERVICE 


interrupts and is granted service. While this channel is being Da Re 
Kl 10 10 
serviced, higher priority channel 1 interrupts and is granted je *] [se je Eu 
R he e, ” r 2 2 CHANNEL 2 REQUESTS Am INTERAUPT AND IS ACKMOWLEDGED 
service. The service routine for the higher priority channel r UMDERSERVICE SERVICE SUSFERDEO 


is completed and a RETI instruction is executed to indicate = je __#o] - [eo] “ [wo] ur [u ®o] Z 


Fi F Fi . 5 I CHANNEL 1 INTEAAUPTS. SUSPEWDS SEAVICHNG OF CHAMMELZ 
to the channel that its routine is complete. At this time the BERVICH COMPLETE: ""'STRNICEAESUNMEO: 


service routine of lower priority channel 2 is completed. wa En a CT) < ER 


4. CHANNEL 1 SERVICE ROUTING COMPLETE, "AETI” ISSUED,. CHANNEL 2 SERVICE RESUMED. 
SERVICE COMPLETE 


3. SECOND "RETI” INSTAUCTION ISSUEO OR COMPLETION OF CHANNEL 2 SERVICE ROUTIME 


CTC COUNTING AND TIMING 


In the counter mode the rising or falling edge of the CLK 
input causes the counter to be decremented. The edge is 
detected totally asynchronously and must have a minimum 
CLK pulse width. However, the counter is synchronous with 
® therefore a setup lime must be met when it is desired to InTeRNaL 
have the counter decremented by the next rising edge of ®. nn, 


Be. m ET N es 
In the timer mode the prescaler may be enabled by a rising = 


cin 


or falling edge on the TRG input. As in the counter mode, % 
the edge is detected totally asynchronously and must have‘ 
a minimum TRG pulse width. However, when timing is to Inc 
start with respect to the next rising edge of ® a setup time 
must be met. The prescaler counts rising edges of ®. INTERNAL STAAT TIMING 
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SELECTING AN OPERATING MODE 


When selecting a channel’s operating mode, bit ® is set to 
t to indicate this word is to be stored in the channel control 
register. 


m In m Di » Dr IN Io 
USEHIN vs 


RSS NEN TIER MER ON 


Bit 7=9 
Bit 7=T 


Channel interrupts disabled. 


Channel interrupis enabled to occur every 
time Down Counter reaches a count of zero. 
Setting Bit 7 does not let a preceding count 
of zero cause an interrupt. 


Bit6=9® Timer Mode — Down counter is clocked by 
the prescaler. The period of the counter is: 
ic « P e TC 
te = system clock period 
P = prescale of 16 or 256 
TC = 8 bit binary programmable time 


constant (256 max) 


Counter Mode — Down Counter is clocked 
by external clock. The prescaler is not used. 


Bit6=1 


Bit 5=9 Timer Mode Only-System clock ® is divided 


by 16 in prescaler. 


Bit5=1 Timer Mode Only-System clock ® is divided 


by 256 in prescaler. 


Bit4=9® Timer Mode - negative edge trigger starts 
timer operation. 

Counter Mode — negative edge decrements 
the down counter. 

Bit 4 = 1 Timer Mode — positive edge trigger starts 
timer operation. 

Counter Mode — positive edge decrements 
the down counter. 

Bit 3=9 Timer Mode Only - Timer begins operation 
on the rising edge of Ta of the machine 
cycle following the one that loads the time 
constant. 

Bit 3=1 Timer Mode Only — External trigger is valid 
for starting timer operation after rising edge 
of T3 of the machine cycle following the 
one that loads the time constant. The Pre- 
scaler is decremented 2 clock cycles later if 
the setup time is met, otherwise 3 clock 


cycles. 
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CTC Programming 


No time constant will follow the channel 
control word. One time constant must be 
written to the channel to initiate operation. 


Bit 2=9 


The time constant for the Down Counter 
will be the next word written 10 the selected 
channel. If a time constant is loaded while a 
channel is counting, the present count will 
be completed before Ihe new time constant 
is loaded into the Down Counter. 


Bit 2=1 


Bit I=9® Channel continues counting. 


Bit 1 =1 Stop operation. If Bit 2 = I channel will 
resume operation alter loading a time 
constant, otherwise a new control word 
must be loaded. 


LOADING A TIME CONSTANT 


An 8-bit time constant is loaded into the Time Constant 
register [ollowing a channel_control word with bit 2 set. All 
zeros indicate a time constant of 256. 


[0 


[3 [N 7 m » ” ng 


LOADING AN INTERRUPT VECTOR 


The Z80-CPU requires that an B-bit interrupt vector be 
supplied by the interrupting channel. The CPU forms the 
address for the interrupt service routine of the channel 
using this vector. During an interrupt acknowledge cycle 
the vector is placed on the Z80 Data Bus by the highest 
priority channel requesting service at that time. The desired 
interrupt vector is loaded into the CTC by writing into 
channel ® with a zero in DP. D7-D3 contain the stored in- 
terrupt vector, Da and Dj are not used in loading the vector. 
When the CTC responds to an interrupt acknowledge, Ihese 
two bits contain the binary code of the highest priority 
channel which requested the interrupt and Dg contains a 
zero since the address of the interrupt service routine stars 
at an even byte. Channel ® is the highest priority channel. 


[22 


[N [2 [7 or [N [7 2} 
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Zilog Z-80 CTC A.C. Characteristics 
TA =0°C 10 70° C,Vce =+5 V + 5%, unless otherwise noted 


Parameter 


Clock Period 

Clock Pulse Width, Clock High 
Clock Pulse Width, Clock Low 
Clock Rise and Fall Times 


0 Im] Any Hola Time for Specitien eu Tim) | Any Hold Time for Specified Setup Time 


tspICS) Control Signal Setup Time to Rising Edge of ® During — 
or Write Cycle 


Data Output Delay from Rising Edge of RD During Read 

Cycle 

Data Setup Time to Rising Edge of ® During Write or M1 

Cycle 

Data Output Delay from Falling Edge of iora During 340 
INTA Cycle 

Delay to Floating Bus (Output Buffer Disable Time} 230 


IEI Setup Time to Falling Edge of IORQ During INTA 
Cycle 


1EO Delay Time from Rising Edge of IEI 220 
IEO Delay Time from Falling Eäge of IEI 190 
IEO Delay from Falling Edge of MT (Interrupt Occurring 300 
just Prior to M1} 
CE er ER 
Write Cycle 


Mi Setup Time to Rising Edge of ® During INTA or MI 
Cycle 

tsp{RD) RO Setup Time to Rising Edge of ® During Resd or MT ei Fe I 
Cycle 


nr tockKIT) | INT Delay Time from Rising Edge of CLK/TRG 2tcl®) + 200 Counter Mode 
tpeiIT) INT Delay Time from Rising Edge of ® tcl®) + 200 Timer Mode 


Clock Period Counter Mode 
Clock and Trigger Rise and Fall Times 
Clock Setup Time to Rising Edge of ® tor Immediate Count Counter Mode 
Trigger Setup Time to Rising Edge of ® for Enabling of Tirmer Mode 
CLK/TRGQ_3 Prescaler on Following Rising Edge of ® 
WwiCTH) Clock and Trigger High Pulse Width Counter and 
Timer Modes 
twicTL) Clock and Trigger Low Pulse Width Counter and 
Timer Modes 


ZC/TO Delay Time from Rising Edge of ®, ZC/TO High Counter and 
Timer Modes 

ZC/TO Delay Time from Falling Edge of ®, ZC/TO Low Counter and 
Y Timer Modes 


Notes: (1) to = tylPH) Hs tylPL) +1, +14. 
{2] Increase delay by 10 nsec for each 50 pF increase in loading, 200 pF maximum for data lines and 100 pF for control lines. 
(3] Increase delay by 2 nsec for each 10 pF increase in loading, 100 pF maximum 
[4) RESET must be active for a minimum of 3 clock cycles. 


OUTPUT LOAD CIRCUIT 


TEST POINT Vec 
A: 21K0 


FROM OUTPUT 


UNDER TEST ER, CR, 1N914 OR EQUIVALENT 


= 60 pF ON ALL PINS 
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A.C. Timing Diagram 


u ug 
CLOCK Vec - 56V ASV 
OUTPUT 2.0V B.\7 
Timing measurements are made at the following voltages, unless otherwise specified: INPUT 20V BV 
FLOAT av t0.5V 
wen T2 TaTW Tarr3 n 
® 
Wi®L) + % 
ac. — ics) |=- 
cE 


WIRD) 


Aö tpn(D) 


Dg-D7 


m r 
tomllO} 
IEI 


EIO 
1.0) | 
INT 
tpex IT) 

(COUNTER MODE) N 
Ne Wictu 
TRGg.3 ts (TA) WICTH) 

(TIMER MODE) 

tonzcı WICTL) 
ZC/T0g2 
to. (20) 
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Zilog Z-80A CTC A.C. Characteristies 


TA =0° C to 70°C, Vcc = +5 V # 5%, unless otherwise noted 


Clock Period 
Clock Pulse Width, Clock High 
Clock Pulse Width, Clock Low 
Clock Rise and Fall Times 


Do-D7 


m [Any Hold Time for Specified Setup Time 
ve 159{C$) Control Signal Setup Time to Rising Edge of ® During Read 
s or Write Cycle 

Data Output Delay from Falling Edge of RD During Read 

Cycle 

Data Setup Time to Rising Edge of ® During Write or M1 

Cycle 

Data Output Delay from Falling Edge of IORG During 160 

INTA Cycle 

Delay to Floating Bus (Output Buffer Disable Time) 110 

tEI Setup Time to Falling Edge of IORQ During INTA 

Cycle 

IEO Delay Time from Rising Edge of IEI 

IEO Delay Time from Falling Edge of lEI ’“ 

IEO Delay from Falling Edge of Mi {Interrupt Occurring 

just Prior to M1) 

1orü Setup Time to Rising Edge ol ® During Read or 

Write Cycle 

Mi Setup Time to Rising Edge of & During INTA or MI 

Cycle 
tsp{RD) RD Setup Time to Rising Edge of ® During Read or Mi 

Cycle 
tpcKllT) INT Delay Time from Rising Edge of CLK/TRG SEE +140 Counter Mode 
tpolIT) INT Delay Time from Rising Edge of ® tcl®) + 140 Timer Mode 
teicK) Clock Period Counter Mode 


Yy.tf Clock and Trigger Rise and Fall Times 

tsickK) Clock Setup Time to Rising Edge of ® tor Immediate Count Counter Mode 

15[TR) Trigger Setup Time to Rising Edge of ® for enabling of Timer Mode 
CLK/TRGO_3 Prescaler on Foltowing Rising Edge of ® 


twiCTH) Clock and Trigger High Pulse Width Counter and 
Timer Modes 
Clock and Trigger Low Pulse Width Counter and 


Timer Modes 


twiCTL) 


ZC/TO Delay Time from Rising Edge of ®, ZC/TO High Counter and 
Timer Modes 
ZC/TO Delay Time fromFalling Edge ol ®, ZC/TO Low 190 Counter and 
Timer Modes 


Notes: [1] to = tylPH) + 1ylbL) Hr, + tr. 
[2] Increase delay by 10 nsec for each 50 pF increase in loading, 200 pF maximum for data lines and 100 pF for control lines. 
(3) Increase delay by 2 nsec for each 10 pF increase in loading, 100 pF maximum. 
[4] RESET must be active for a minimum of 3 clock cycles. 


OUTPUT LOAD CIRCUIT 


TEST POINT Vec 
Aye2ıKn 


FROM OUTPUT 


UNDER TEST CR} -CA4 IN914 OR EQUIVALENT 
CR, CL 50 PF ON ALL PINS 
en, 
ea 
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Absolute Maximum Ratings 


*Comment 
Temperalure Under Bias 0’Cto 70°C Stressesabuve Ihose listed under "Absolute Maximum 
Storage Temperature -65° C 10 +150°C Rating‘ may cause permanent damage to the device. 
Voltage On Any Pin With This is a stress rating only and functional operation of 
Respect To Ground -0.3V tw +7 V the device at Ihese or any other condition above those 
Power Dissipation 0.BW ındıcated in the operatiunal sections of this specifica- 


tion is not implied. Exposure Io absolute maximum 
rating conditions for extended periods may affecı 
device reliabilıy. 


D.C. Characteristies 
TA =0°C 10 70°C. Vec = SV & S% unless otherwise spexilted 


z-80 CTC 


Input High Voltage 


Output Low Voltage 


Darlington Drive Current 


Darlington Drive Current 


Capacitance 


Clock Capacitance Unmeasured Pins 


Input Capacitance Returned to Ground 


Output Capacitance 
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Package Outline 


» 280-CTC 
 Z0A-CTC } 
” 


KU 


zarıaca 


* DRMENBIEB FOR METAIC SYETER IM PARENTHEREE (mm) 
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Zilog 
Product Specification 


The Z-80 DMA (Direct Memory Access) circuit is a pro- 
grammable single-channel device which provides all address, 
timing and control signals to effect the transfer of blocks of 
data between two ports within most microprocessor-based 
systerns. These ports may be either system main memory or 
any system peripheral 1/O device. The DMA can also search 
a block of data for a particular byte (bit maskable), with or 
without a simultaneous transfer. 


Structure 

e N.channel Silicon Gate Depletion Load Technology 
e 40 Pin DIP 

e Single 5 volt supply 

e Single phase 5 volt clock 

e Single channel, two port 


Features 

© Three classes o[ operation: 
— Transfer Only 
—Search Only - 
—Search-Transfer 

© Address and Block Length Registers fully buffered. 
Values for next operation may be loaded without dis- 
turbing current values. 

© Dual addresses generated during a transfer (one for read 
port and one for write port). 


© Programmable data transfers and searches, automatic- 
ally incrementing or decrementing the port addresses 
from programmed starting addresses (they can also remain 
fixed). 


+#5V GND & 


BYTE/PULSE 
COMPARATOR 
LENGTH PULSE INTERVAL 


A1S A0 07 


COMPONENTS 


Z-80 DMA 
Z-80A DMA 


Three modes of operation: 

—Byte-at-a-time: One byte transferred per request 
—Burst: Continues as long as ports are ready 
-Continuous: Locks out CPU until operation complete 
Timing may be programmed to match the speed of any 
port. 

Interrupts on Match Found, End of Block, or Ready, 
may be programmed. 

An entire previous operation may be repeated automat- 
ically or on command. (Auto restart or Load) 

The DMA can signal when a specified number of bytes 
has been transferred, without halting transfer. 

Multiple DMA’s easily configured for rotating priority. 
The channel may be enabled, disabled or reset under 
software control. 

Complete channel status upon program (CPU) request. 
Up to 1.25 megabyte/second Search. 

Daisy-chain priority interrupt and bus acknowledge in- 
cluded 10 provide automatic interrupt vectoring and bus 
request control, without need for additional external 
logic. 

TTL compatible inputs and outputs 

The CPU can read current Port counters, Byte counter, 
or Status Register. A mask byte can be set which defines 
which registers can be accessed during read operations. 


INT ıEI IEO BUSRO BAi BAO RDY 


a BER a a 


INT PRIORITY 
LOGIC BUS PRIORITY 


INT CONTROL 
INT VECTOR 


CONTROL 


Mi MEMRO IORO RD WA CEWAIT 


DMA Internal Block Diagram 
Fig. 1 
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DMA Architecture 


A block diagram of the Z80 DMA is shown in Figure 1. 
The internal structure consists of the following circuitry: 


© Bus Interface: provides driver and receiver circuitry to 
interface to Ihe ZBO-CPU Bus. 


© Control Logic and Registers: set ihe class, mode and other 
basic control parameters of the DMA. 


© Address, Byte Count and Pulse Circuitry: generates the 
proper port addresses for the read and write operations, 
with provisions for incrementing or decrementing the 
address. When zero bytes remain to be handled, the byte 
count circuitry sets a Mag in the status register. Pulse 
circuitry generates a pulse each time the byte counter 
lower &-bits equal the pulse register. 


© Timing Circuitry: allows the user to completely specify 
the read/write timing for each port. 


© Match Circuitry: holds ihe match byte and a mask 
byte which allows for the comparison of only certain 
bits within the byte. If a match is encountered during a 
Search or Transfer, this circuitry sets a flag in the status 
register. 

e INT and BUSRO Circuitry: includes a control regis- 
ter which specifies the conditions under which the DMA 
can generate an interrupt; priority encoding logic to select 
between the generation of an INT or BUSRQ output 
under these conditions; and an interrupt vector register 
for automatic vectoring to the interrupt service routine. 


© Status Register: holds current status of DMA. 


Register Description 


The following DMA-internal registers are available to the 
programmer: 


Control Registers: Write only; 8 bits. Hold DMA control 
information: such as, when to initiate an interrupt or pulse, 
what mode or class o[ operation to perform, etc. 


Timing Registers: Write only; 8 bits. Hold read/write timing 
parameters for the two ports. 


Interrupt Vector Register: Read/write; 8 bits. Holds the 
8&-bit vector that ihe DMA will put onto the data bus after 
receiving an IOROQ during an interrupt acknowledge se- 
quence if it is the highest priority device requesting an 
interrupt. (This register is readable only during interrupt 
acknowledge cycles.) 


Block Length Register: Write only; 16 bits. Contains total 
block length of data to be searched and/or transferred. 


Byte Counter: Read only; 16 bits. Counts number of bytes 
transferred (or searched). On a Load or Continue the Byte 
Counter is reset 10 zero. Thereafter, each byte transfer o- 
peration increments it until it matches the contents of the 
Block Length Register, at which time End of Block is set in 
the status register and operation is suspended if program- 
med. Also if so programmed the DMA will generate an 
interrupt. 
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Match Register: Write only; 8 bits. Holds the byte for 
which a match is being sought in Search operations. 


Mask Register: Write only; 8 bits. Holds the 8-bit mask to 
determine which bits in the match register are to be ex- 
amined for a match. 


Starting Address Registers (Port A and Port B): Write only; 
16 bits each. Hold the starting addresses (upper and lower 
8 bits) for the two ports involved in Transfer operations. In 
Search Only operations, only one port address would have 
to be specified. Only memory starting addresses require 
both upper and lower 8 bits; 1I/O ports are generally ad- 
dressed with only the lower 8 bits, and in this case the ad- 
dress contained in the register is a generally fixed address. 


Address Counters (Port A and Port B): Read only; 16 bits 
each. These counters are loaded with the contents of the 
corresponding Starting Address Registers whenever Search- 
es or Transfers are initiated with a Load or Continue. They 
are incremented, decremented or remain fixed, as pro- 
grammed. 


Pulse Control Register: Write only; 8 bits. The content of 
this register is continuously compared with the lower eight 
bits of the byte counter. When they become equal, the INT 
output is activated. Since this occurs while BUSRO and 

are both active, the CPU does not interpret this as 
an interrupt request. Instead, the signal.is used to commun- 
icate with a peripheral I/O device. When the Pulse Control 
Register contains a value n, the first pulse is generated after 
n + 1 bytes of search or transfer. The next and all subse- 
quent pulses occur at 256-byte intervals. 


Status Register: Read only; 8 bits. Match, End of Block, 
Ready Active, Interrupt Pending, and DMA Cycle Occurred 
bits indicate these functions when set. 


Modes of Operation 


The DMA may be programmed for one of four modes of 
operation. (See Command Register 2B.) 

e Byteata time: control is returned (o the CPU after each 
one-byte cycle. 

e Burst: operation continues as long as the DMA’'s RDY 
input is active, indicating hat the relevant port is ready. 
Control returns to the CPU when RDY is inactive or at 
end of block or a match if so programmed. 

© Continuous: the entire Search and/or Transfer of a block 
of data is completed before control is returned to CPU. 
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Classes of Operation 


The DMA has three classes of operation: Transfer only, 
Search Only and a combined Search-Transfer. (See Com- 
mand Register 1A.) 

During a Transfer, data is first read from one port and 
then written to the other port, byte by byte. (The DMA’s 
two ports are termed Port A and Port B.) The ports may be 
programmed to be either system main memory or peripher- 
al I/O devices. Thus, a block of data might be written (rom 
a peripheral to another; or it might be written from one 
area in main memory to another; or from a peripheral to 
main memory. 

During a Search, data is read only, and compared byte by 
byte against two DMA-internal registers, one of which con- 
tains a match byte and the other an optional mask byte 
which allows only certain bits to be compared. I[ any byte 
of searched data matches, a DMA-internal status bit is set; 
if prograrnmed to do so, the DMA will then suspend operation 
and/or generate an interrupt. 

The third class of operation is a combined Search- 
Transfer. In such an operation a block of data is transferred 
as described above until a match is found; then, as in a 
Search Only operation, the transfer may be suspended and/ 
or an interrupi generated. 


Addressing 


The DMA’s addressing of ports is either fixed or sequen- 
tial, incrementing or decrementing from a starting address. 
The length of the operation (number of bytes) is specified by 
the programmed contents of a block length register. The 
DMA can address block lengths of up to 64K bytes. During a 
transfer two separate port addresses are generated, one dur- 
ing the Read cycle and one during the Write cycle. 


Operating Sequence 


Once the DMA has been programmed it may be “En- 
abled’’ (Command Register 2A or 2D). In the enabled con- 
dition when Ready goes active the DMA will request the 
bus by bringing BUSRQ low. The CPU will acknowledge 
this with a BUSACK which will normally be attached to 
BAI. When the DMA receives BAI it will start its program- 


med operation releasing BUSRQ to a high” state when it 
is through. 


Z-80 DMA Pin Description 


E-7 6 
4 S 
En} 4 
SYSTEM 
Data ben 3 
us s 2 
2a ı 
2 “ 
SYSTEM 
27. = ADDRESS 
2 Bus 
n 
Bus 
CONTROL 
system 
ComTaoL oma 
Bus CONTROL 
INTERAUPT 
CONTROL 


Ag-Aıs System Address Bus. Allsixteen of these pins are 
used by the DMA to address system main mem- 
ory oran I/O port (output) 

Do-D7 System Data Bus. Commands from the CPU, 
DMA status and data from memory or peripher- 
als are transferred on these tristate pins (input/ 
output) 

+5V Power 

GND Ground 

® System clock (input) 
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MI Machine cycle One signal from CPU (input) 

IORQ Input/Output Request to and from ihe System 
Bus (input/output) 

MREQ Memory REQuest to the System Bus (input/ 
output) 

RD ReaD to and from the Systern Bus (input/output) 

WR WRite to and from the System Bus (input/output) 

CE/WAIT Chip Enable, may also be programmed to be 
WAIT during time when BAI is low (input) 

BUSRQ BUS ReQuest. Requests control of the CPU 
Address Bus, Data Bus and Status/Control Bus 
(input/output, open drain) 

BAI Bus Acknowledge In. Signals that the system 
buses have been released for DMA control 
(input) 

BAO Bus Acknowledge Out. BAI and BAO form a 
daisy-chain connection [or system-wide priority 
bus control (output) 

INT INTerrupt request (output, open drain) 

IEI Interrupt Enable In (input) 

IEO Interrupt Enable Out. IEI and IEO form a daisy- 
chain connection for system-wide priority inter- 
rupt control (output) 

RDY ReaDY is monitored by the DMA to determine 


when a peripheral device associated with a DMA 
port is ready for a read or write operation 
(input, programmable as active high or low) 


Ya Z-80 DMA Z-80A DMA 


Zilog 


DMA Command Write Cycle 


Ilustrated here is the liming associated with a command 
byte or control byte being written to the DMA which is to 
be loaded into internal registers. Z80 Output instructions 
satisfy this timing. 


DMA Register Read Cycle 


This timing is used when a read operation is performed on 
the DMA to access the contents of the Status Register, 
Address Counter or other readable registers. ZBO Input in- 
structions satisfy this timing. 


STD Memory Timing 


This timing is exactly the same as used by the Z80-CPU to 
access system main memory, either in a Read or Write 
operation. The DMA will default to this timing after a 
power-on reset, or when a Reset or Reset Timing command 
is written 10 it; and unless otherwise programmed, will use 
thistiming duringall Transfer or Search operations involving 
system main memory. During the memory Read portion of 
a transfer cycle, data is latched in the DMA on the negative 
edge of ® during T3 and held into the following Write cycle. 
During ihe memory Write portion ol a transfer cycle, data 
is held from the previous Read cycle and released at the end 
of the present cycle. 


NOTE: The DMA is normally programmed for a 3 T-cycle 
duration in memory transaclions. But WAIT is 
sampled during the negative transition of Tz, and 
if it is low, Tz will be extended another T-cycle, 
during which WAIT will again be sampled. The 
duration of a memory transaction cycle may thus 
be indefinitely extended. 


STD Peripheral Timing 


This timing is identical to the Z80-CPU’s Read/Write timing 
to 1/O peripheral devices. The DMA will default to this 
timing alter a power-on reset, or when a Reset or Reset 
Timing command is written to it; and unless otherwise pro- 
grammed, will use this timing during all Transfer or Search 
operations involving 1/O peripherals. During the I/O Read 
of a transfer cycle, data is latched on the negative edge of & 
during T3 and is then held into the Write cycle. During an 
l/O Write, data is held from the previous Read cycle until 
the end of the Write cycle. i 


NOTE: If WAIT is low during the negative transition of 
Tw*, then Tw* will be extended another T-cycle 
and WAIT will again be sampled. The duration of a 
peripheral transaction cycle may thus be indefinitely 
extended. 
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COMPONENTS 


DMA Timing Waveforms 


ADD 


WA 
WaıT 
HELD UNTIL 
STAATOF 
AEAD DATA*® NEXT READ 
DURING A 
TRANSFER 
WRITE DATA" 


ADO 


NHELO UNTIL 
STAATOF 
NERTAEAD 


DURING A 
TRANSFER 


READ DATA*® 


WRITE DATA* HELD FROM PREVIOUS READ 


"LATCHED BY OMA ON BUS DURING A TRANSFER 
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Zilog DMA Timing Waveforms_ (Continued) 


SHOWN PROGRAMMED FOR A CYCLES 
VARIABLE LENGTH 
n„ I n| nn Im 
. E7 
Variable Cycle BIS (ao; RR as OD a DR Dr Be 


The Variable feature of the DMA allows the user to program Ro Ans 

the DMA’s memory or peripheral transaction timing to values 

different than given above in the standard default diagrams. . 

This permits the designer to tailor his timing to the particular 
requirements of his system components, and maximizes the 
data transfer rate while eliminating external signal condition- RES 
ing logic. Cycle length can be two to four T-cycles (more if 

WAIT is used). Signal timing can be varied as shown. During 

atransfer, data will be latched by (he DMA on the clock edge ro 
causing the rising edge of RD and will be held on the data 
lines until the end of the following Write cycle. 


(See Timing Control Byte, page 7.) 


WAIT IMEM) 


WAIT 101 


DMA Bus Request and Acceptance for 
Byte-at-a-Time, Burst, 
and Continuous Mode 

Ready is sampled on every rising edge of ®. When it 
is found to be active, the following rising edge of ® 
generates BUSRQ. After receiving BUSRQ the CPU will 
grant a BUSAK which will be connected to BAl either 
directly or through the Bus Acknowledge Daisy Chain.  — _________ j 1 


When a low is detected on BAI for two consecutive Bal 
edges of ®, the next rising edge of ® will start an active 
DMA cycle. 


DMA Bus Release at End of Block 
for Burst or Continuous Mode 


Timing for End of Block and DMA not programmed a 


for Auto-restart. | LAST BYTE 
* In BLOCK 


OMA ACTIVE #-| 


DMA INACTIVE 


DMA Bus Release with ‘Ready’ 
for Burst and Continuous Mode 


ACT 
The DMA will relinquish the bus after RDY has gone ADy. RER 
inactive (Burst mode) or after an End of Block or a INACT 
Match is found (Continuous mode). With RDY inactive, 
the DMA in Continuous mode is inactive but maintains 
control of the bus (BUSRQ low) until the cycle is re- DMA acrıven | MA. BRD IRRE ACTIVE 
sumed when RDY goes active. 


CONTINUOUS 
MODE 


 URST MODE 
entbnnmamnmmm—munnn 


BUSRQ 
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DMA Bus Release for Byte-at-a-Time Mode 


In the Byte mode the DMA will release BUSRQ on 
the rising edge of & prior to the end of each Read cy- 
cle in Search Only or each Write cycle in a Transfer, re- 
gardless of Ihe state of RDY. The next bus request will 
come after both BUSRQ and BAI have returned high. 


DMA Bus Release with Match for 
Burst or Continuous Modes 
When a Match is found and the DMA is programmed 


to stop on Compare, the DMA performs an operation on 
the next byte and ihen releases bus. 


COMPONENTS 


DMA Timing Waveforms_ (continued) 


BYTEN —| 


MIN PLrLLNLNLL 


RDY AT pa 
m 
BUSRö / 
BAI 
— 


DMA Kemeseli DMA INACTIVE 


® 


-— BYTEN —— |. BYTEn+H1»| 
MATCH FOUND IN 
THIS BYTE 


DMA ACTIVE »|#+-DMA INACTIVE 


Reading the DMA Internal Registers 


The CPU can read seven internal DMA registers, always 
in the following order: Status, lower byte of the Block 
Length register, upper byte of the Block Length register, 
lower byte of the Port A Address, upper byte of the Port A 
Address, lower byte of the Port B Address and the upper 
byte of the Port B Address. 


The Read Mask register must be programmed to either 
include or exclude any of these seven registers by program- 


ming a 1 (include) or O (exclude) in the appropriate posi- 
tions of the Read Mask register. After a Reset or Load, the 
read sequence must be initiated through an Initiate Read 
Sequence command (Command Byte 2D). The sequence of 
reading all registers that are not excluded by the Read Mask 
register must be completed before a new Initiate Read Se- 
quence or RD Status command. 


Programming the DMA 


Previous sections of this specification have indicated the 
various functions and modes of the DMA. The diagrams and 
charts below show how the DMA is programmed to select 
among these functions and modes and to adapt itself to the 
requirements of the user system. 


The Z80-DMA chip may be in an “enable” state, in which 
it can gain control of the system buses and direct the trans- 
fer of data between its ports, or in a ““disable” state, when 
it cannot gain control of the bus. Program commands can 
be written to it in either state, but writing a command to it 
automatically puts it in the disable state, which is maintained 
until an enable command is issued to the DMA. The CPU 
must program it in advance ol any data search or transler by 
addressing it as an 1/O port and sending it a sequence of 
command bytes via the system data bus using Output in- 
structions. When the DMA is powered up or reset by any 


means, the DMA is automatically placed into a disable 
state, in which it can initiate neither bus requests nor data 
transfers nor interrupts. 


The command bytes contain information 10 be loaded 
into the DMA’s control and other registers and/or informa- 
tion to alter the state of the chip, such as an Enable Interrupt 
command. The command structure is designed so that cer- 
tain bits in some commands can be set to alert the DMA to 
expect the next byte written to it 10 be for a particular 
internal register. 


The following diagrams and charts give (he function of 
each bit in the six different command bytes. Two of these 
are defined as being from Group I, and are termed command 
bytes IA and 1B. These Group I commands contain the 
most basic DMA set-up information. The other four are 
categorized as Group 2, and are termed commands 2A, 2B, 
2C and 2D. Group 2 words specify more detailed set-up 
information. 
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Zilog 


Command Register 1A 


1 = Transfer 
0 = Search 


0=PortB-Porr A 
1=Port A-+PortB 


0 = Port B-Memory 
1 = Port A-Memory 
0 = Port B-1/O 

1 1 = Port A-V/O 

0 = Port Address Decrements 

1 = Port Address Increments 


Timing Byte 


0 = Cycle Length = 4 
1 = Cycle Length =3 
O0 = Cycle Length = 2 
0 = TORO Ends % Cycle Early 

0 = MREO Ends % Cycle Early 

0= RD Ends % Cycle Early 

O0= WR Ends % Cycle Early 


For transfers, this byte is normally written twice, once 
for Port A and again for Port B. 
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0 = N/A (Command 1B) 


1 = Search/Transfer 


In 


Time 


Sequence 


A “1” in positions D3 through Dg 
means that the indicated byte will fol- 
low. Note that the sequence of bytes 
is absolutely rigid. 


The DMA always transfers or search- 
es one byte more than the number 
written into the Block Length registers. 
A “0” in the block length register re- 
sults in the transfer or search of 2" + 
1 bytes. The shortest programmable 
block length is therefore two bytes 
long, prograrnmed by writing a | into 
the Block Length register. 


Command Register 2A 


D7 D6 DS D4 03 D2 D1 DO 


1 Stop On Match 
1 = Interrupt Enable 
1= DMA Enable 


MASK BYTE (1 = MASK = IGNORE; 0 = UNMASK = COMPARE) 
MATCH BYTE 


a 1-80 DMA Z-304 DMA COMPONENTS 
Zilog 
Command Register 2B 


07 D6 D5 D4 D3 D2 D1 D0 


Continuous = 0 
Burst = 1 
Do not program = 1 


Interrupt Control Byte! 


1= Interrupt On Match tır “Interrupt Before Requesting Bus” 


1 = Interrupt Al End Of Block is selected (by a 1 in bit 6 of the In- 

1 = Pulse Generated terrupt Control byte), the Z-B0 DMA 

1 = Status Alfects Vector does not request the bus until the 

1 = Interrupt Before Request Bus following set of instructions has been 


received by the Z-80 DMA: 


@ Enable after RETI command (B7 
in Command byte 2D) 
® Enable DMA command (87 in 
Command byte 2D) 
@ A RETI instruction that resets ihe 
IUS (Interrupt Under Service 
INIEITUBEVeRIOt latch) in the Z-80 DMA 


0 0 = Interrupt On ADY 

0 1= Match 

1 0= End Of Block 

1 1 = Match, End Of Block 


Command Register 2C 


D7 D6 }3 D4 D3 02 DI 


0 = Aesdy Active Low 
1° Ready Active High 
0 = CE Only 

1 = CE/WAIT Multiplexed 

0 = Stop On End OT Block 

1 = Auto Repeat On End Of Block 
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Command Register 2D 


07 06 


05 04 03 D2 D1 00 

(1) {1} 0 0 = Resat Interrupt circuitry, disable interrupt and bus request logie, unforce 
internal resdy condition, disable “MUXCE’ and stop auto repeat. 

() 0 0 1 = Reset Port A Timing to standard Z-80 CPU timing. 

0 0 1 0 = Reset Port B Timing to standard Z-8B0 CPU timing. 

0 0 1 1 = Load starting address for both ports, clear byte counter.* 

0 ı o 0 = Addresses continue {rom present locations, clear byte counter. 

ı [} 1 0 = Enable interrupts 

ı [} 1 1 = Disable interrupts 

1 [} o 0 = Reset and disable interrupt circuits (like AETI) and unforce the internal 
ready condition 

0 0 0 1= Enable DMA | Both affect all operations except interrupts, but do not 

{} [J I) 0 = Diseble DMA_ reset any functions. 

1 () 0 1 = Initiste road sequence to the first register designated as readable by the 
Read Mask register. 

1 1 1 1 = Set raad status so next read is Irom status register. 

1 1 o 0 = Force an internal ready condition independent of the ADY input. Used 
for mernory-to-memory operations where no ADY signal is needed. 
This command does not function in the "byte-at-a-time'’ mode. 

[J 0 ı 0 = Clear Match and End of Block status bits. 

1 1 o 1 = Enable after RETI so DMA will request bus only after receiving a RETI. 


Must be followed by an Enable DMA command. 
0 = Read mask is the following byte. 


Read Mask {1} = enable) 


Status 

Byte Counter {low byte) 
Byte Counter (high byte) 
Port A address {low byte} 
Port A address (high byte) 
Port 8 address {low byte) 
Port B address (high byte) 


COMPONENTS 


® Loading Port Addresses The “Load” command (CF in Com- 
mand Register 2D) loads a fixed address only into a port selected 
as the source, not into a port selected as the destination. There- 
fore, the destination address must be loaded by ternporarily mis 
labeling the destination as the source. 


The following example is a set-up procedure for a transfer from 
Port A to Port B: 


l. Command byte 1A with B as source port 
2. Command byte 2D with CF = load 

3. Command byte 1A with A as source port 
4. Command byte 2D with CF = load 

5. Command byte 2D with 87 = Enable DMA 


This manipulation is required only when the destination has a 
fixed address 


Status Register 


O0 = Ready Active 
0 = Interrupt Pending 

0 = Match 

0 = End Of Block 
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0 = DMA Cycle Has Not Occurred 
1= DMA Cycle Has Occurred 


// Z-80 DMA Z-80A DMA COMPONENTS 
Zilog 


The Sample DMA Program shows how the DMA may be programmed to transfer data from memory (Port A) to a peripheral 
device (Port B). In this example, the Port A memory starting address is 1050} and the Port B peripheral fixed address is 05H. 
Note that the data flow is 1001} bytes-one more than specified by the block length. The table of DMA commands may be 
stored in consecutive memory locations and transferred to the DMA with an output instruction such as OTIR. 


Figure 1: Sample DMA Program 


1) Command Register 1A ses DMA to 
receive block length, Port A starting Block Length Block Length | Port N Upper | Port K Lower 8 Er Soramand Eee 1A 
sddress and temporarily sets Port Boos Upper Folloms | Lower Follows | Addr Follows| Addr Follows Temporary For Transfer, No Search 
source. Losding 8 Address 


Port A address (lower) 
Port A address upper} 
Block length (lower) 
Block length (upper) 


Command Registar 18 definas Porı Aas 0 1 
memory with incramenting address. No Timing Addreis ü Byte 18 
Follows Increments 


Command Register 1B defines Porı Bas 0 
peripheral with fixed address. No Timing ü ü Byte 1B 
Follow 


Command Register 2B sets mode to 
Burst, sats DMA 10 enpect Porı B No Interrupt Port B Lower 
addresa. Control Byıe Addr Follows 
Follow 


® Port B address (lower) o 


10)Commend Regiter 2C sets esdy 0 ° 0 
active High. No Auto No Wait ARDY 


Restart States Active HIGH 


11)Commend Register 2D lasdı Port B o {) 
address and resats block counter. Load 


12)Command Aegister 1A sats Port Ası o o 
source. ® No Addr Or Block Length Bytes Byte 1A, Transfer 
No Search 


13)Command Register 2D losdı Port A 
address and resats block counter. ° 


14)Command byte 2D enables DMA to 
start operation. Enable DMA 


NOTE: The sctusl number of bytes translerred is one more than sperified by the black length. 
* These commands are neceisary Only in the case ol a fixed destination address. 
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Absolute Maximum Ratings 


Temperature Under Bias 0°C to +70°C R *Comment 
a Kae EN 2 N g Stresses above 1hose listed under “Absolute 
Respect to Ground Maximum Rating” may cause permanent 
Power Dissipation 1.5W damage to the device. This is a stress rating 
. only and functional operation of the device 

at these or any other condition above those 
indicated in the operational sections of this 
specification is not implied. Exposure to 
absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. Characteristics 


Ta = 0°C 10 70°C, Vec = SV 15% unless otherwise specified. 
c pe 


fo me  TeT To] rum | 
| vuc Towsnmiinvum [2 [ofv | 
inc [esimanoae _Iealas [v| | 
u miese es [ev 
in Tran fe ff 


Output Low Voltage lot” 3.2 mA for BUSRQ 
IQL = 2.0. mA for all oihers 


Power Supply Current Z.80 DMA 
Z.B0A DMA tc= 250ns 
[he Fortan ent 


Capacitance 


Ta=25°C,f=1MHz 


| smbor | ranman | mx | une | 
en | hamma 5 I w| 
Soon | Omrcnmns | m Te] 


Unmeasured Pins 


Returned to Ground 


TEST POImT Vec 


CL = 50 pF. Increase delay by 1O.ns for each 50 pF 
increase in CL, up to 200 pF maximum. 
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// Z-80 DMA_Z-80A DMA 


COMPONENTS 
Zilog A.C. Timing Diagrams 
Z80 and Z80A as a Peripheral Device (Inactive State) 
Timing messurements are made at the following voltages, unless otherwise specified: 1% og 
CLOCK a2V 0.87 
OUTPUT 20V  0.8V 
INPUT 20V 08V 
FLOAT BV = +0,50 
u a T2 Ta/Tw T4/T3 7 
«b 
tw(bL)> Du KA 
a1 — —| 14 Ds 


_ 15, (RD) 


>| tsplD) | — -te(D), ty 


Don (EEE, 


IEI 


IEO 


2 
- 


-— Hp — 


INT 
CONDITION 


NOTE: This diagram does not show an actual timing sequence. Refer to this diagram only for the detailed timing relationships 
ofindividual edges. Use the illustrations in the “DMA Timing Waveforms” section as an explanation of the various 


timing sequences. 
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Ya Z-80 DMA Z-80A DMA COMPONENTS 
Zilog A.C. Characteristics 


Z80-DMA as a Peripheral Device (Inactive State). 
Ta = 0°C to 70°C, Vec = +5V:+5%, Unless Otherwise Noted 


Clock Period 

Clock Pulse Width, Clock High 
Clock Puise Width, Clock Low 
Clock Rise and Fall Times 


Any Hold Time for Specified Setup Time 


Control Signal Setup Tima 10 Rising Edge of $ during 
Write Cycle (IOAU, WA, CE) 


1DR(D) Oata Output Delay from Falling Edge of RD. 
tS1D} tup Time 10 Rising Edge of & during Write or Mi 
cle 
tDItD) Data Output Delay from Falling Edge of TORG during INTA 
Cycle 
Delay to Flosting Bus (Output Buffer Dissble Time) 


TDHLIEN IEO Delay Time from Rising Edge of IEI 

1DLLIO) IEO Delay Time from Falling Edge of IEI 

1OM(IO) IEO Delay from Falling Edge of MI (Interrupt Occurring 
Just Prior to MT) See Note A, 


RT Setup Time 10 Rising Edge of ® during INTA or Mi 
Cycle. See Note 8. 


TSELRD) AD Setup Time to Aising Edge of $ during MI Cycle. 

try INT Delay Time rom Condition Causing INT. INT generated 
only when DMA is inactive. 

TOH(BO) BAO Delay from Rising Edge of BAI 

1DLIBON BAO Delay from Falling Edge of BAI 


* Z80A DMA Timing Specifications are preliminary. 
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Zilog 


Z80-DMA as a Bus Controller (Active State) 
Ta = 0°C to 70°C, Vcc = +5V+5%, Unless Otherwise Noted. 


ic 
WieH) 
WIPL) 
tt 


tDIAD) 
tFlAD) 
cm 
taci 

%a 

kat 


tDLEIMR) 
tDHPIMR) 
tOHSMRI 
tOKBIMR) 
WIMRL) 
WIMAH) 


| 
MREG 
er | 


tDLOUR) 
1DLSLR) 
1DHEUR) 
TDHSUR) 


!DLOLAO) 
!DLEIAD) 
tDHS(AD) 
!DHELRDI 


tDLELWRI 
!DLEWR) 
TOHOIWR) 
IDH&twR) 
WiWAL) 


10(BQa) 


NOTES: 


1SIWT) 


Clock Period 

Clock Pulse Width, Clock High 
Clock Pulse Width, Clock Low 
Clock Rise and Fall Time 


Address Output Delay 

Delay 10 Float 

‚Address Stable Prior to MREG (Memory Cycle) 
‚Address Stable Prior 10 IORG, RD or WA {1/0 Cycle) 
Address Stable Iram RD or WA 

‚Address Stable Irom AD or WA during Float 


Data Output Dalay 

Delay to Fioat during Write Cycle 

Oata Setup Time to Rising Edge of Clock during Read when 
Falling Edge Ends RD 

Data Setup Time to Falling Edge of Clock during Read when 
Falling Edge Ends RD 

Osta Stable Prior to WÄ (Memory Cycie) 

Data Stable Prior to WR (1/0 Cycle) 

Data Stable from WR 


MAEU Delay from Rising Edge of Clock, MREU Low 
MREO Delay from Falling Edge of Clock. MAEÜ Low 
MREÜ Delay fram Rising Edge of Clock, MAEU High 
MAEO Delay from Falling Edge of Clock, MREU High 
Pulse Width, MREÜ Low 
Pulse Widıh, MREG High 


ORG Delay from Rising Edge of Clock, [IORU Low 
TORO Delay from Falling Edge of Clock, IORQ Low 
TORG Delay from Rising Edge ol Clock, IÖRU High 
(ORG Delay from Falling Edge of Clock, IORG Low 


AD Delay from Rising Edge ol Clock. AD Low 


RD Delay ram Rising Edge of Clock. AD High 
AD Delay irom Falling Edge al Clock, RD High 


WR Delay from Rising Edge ol Clock, WA Low 
WR Delay from Falling Edge of Clock, WÄ Low 
WR Delay fram Rising Edge of Clock, WA High 
WA Delay from Falling Edge of Clock, WR High 
Pulse Width, WR Low 


WAIT Setup Time to Falling Edge of Clock 


wien) +4 - 75 
tc -80 

WWioL) +1. - 90 
WIEL) * tr — 60 


so 
so 
tc - 210 


twieL) +1r - 210 
twioL) tr - 80 


twioH) tr - 30 


EBUSAU Delay Time from Rising Edge ol Clock ' 


= Data must be enabled onto the DMA data bus when 


RD is active. 


m All equations imply standard Z-80 CPU and Z-80A CPU 


timing. 


= Z-B80A DMA timing specifications are preliminary. 
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A.C. Characteristics 


Wa 1-5NDMA 2-804 DMA COMPONENTS 


Zilog 


A.C. Timing Diagrams 


Z80 and Z80A as a Bus Controller (Active State) 


Timing measurements are made at tha following voltages, unless otherwise specified: u 4 0” 


CLOCK 4.2V 0.8V 
OUTPUT 2.0V 0.8V 
INPUT 2.0V 0.8V 
FLOAT 


b 
< 
" 
+ 
o 
a 
< 


wem) 


OUT 


toR-l- (MAI 


EN LIEBT om: mr 


tor-ı- (AD) DH (AD 


This diagram does not show an actual timing sequence. Refer to this diagram only for the detailing timing relationships of 
individual edges. 
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Wa 7-80 DMA Z-804 DMA COMPONENTS 


Zilog Package Outline 


Ordering Information 


Examples: 


Z-80 DMA CS (ceramic package, standard range) 
Z-80 DMA PS (plastic package, standard range) 


C — Ceramic Package 

P — Plastic Package 

S — Standard Range (5V, +5%, 0°C to 70°C) 

E — Extended Range (5SV, +5%, — 40°C to 85°C) 
M — Military Range (5V, + 10%, -55°C to 125°C) 
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Zilog 


Product Specification 


General Description 


The Z80-SIO (Serial Input/Output) is a dual-channel 
multi-function peripheral component designed to satisfy 
a wide variety of serial data communications require- 
ments in microcomputer systems. Its basic function is a 
serial-to-parallel, parallel-to-serial converter/controller, 
but—within that role—it is configurable by systems 
software so its ‘“personality’’ can be optimized for a 
given serial data communications application. 


The Z80-SIO is capable of handling asynchronous 
formats, synchronous byte-oriented protocols such as 
ıBM Bisync, and synchronous bit-oriented protocols 
such as HDLC and SDLC. This versatile device can also be 
used to support virtually any other serial protocol for 
applications other than data communications (cassette 
or floppy disk interfaces, for example). 


The Z80-SIO can generate and check CRC codes in 
any synchronous mode and can be programmed to 
check data integrity in various modes. The device also 
has facilities for modem controls in both channels. In 
applications where these controls are not needed, the 
modem cöntrols can be used for general-purpose 1/0. 


INTERNAL 
CONTAOL 
LOGIC 


CHANNEL A 
AREAD/WRITE 
REGISTERS 


COMPONENTS 


Z-80 SIO 
Z-80A SIO 


Structure 


m N-channel silicon-gate depletion-load technology 
mw 40-pin DIP 

m Single 5 V power supply 

m Single-phase 5 V clock 

m All inputs and outputs TTL compatible 


Features 


w Two independent full-duplex channels 


w Data rates in synchronous or isosynchronous modes: 


e 0-500K bits/second with 2.5 MHz systern 
clock rate . 

e 0-800K bits/second with 4.0 MHz system 
clock rate 


m Receiver data registers quadruply buffered; trans- 
mitter doubly buffered. 
m Asynchronous features: 
® 5,6, 7 or 8 bits/character 


SERIAL DATA 
CHANNEL CLOCKS 


INTERRYPT 
CONTROL 
LOGIC 


INTERAUPT 
CONTROL 
LINES 


IAEAD/WAITE 
REGISTERS 


SInt 
WAITAEADY 
DISCRETE . 

CONTROL & MODEM OR 
STATUS OTHER CONTROLS 
(CH. A) 

MODEM OR 


—— > OTHER CONTROLS 


SERIAL DATA 


CHANNEL CLOCKS 
SYNC 
WAITIAEADY 


Figure 1. Z80-SIO Block Diegram 
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® ], 1% or 2 stop bits 

« Even, odd or no parity 

° x1, x16, x32 and x 64 clock modes 

e Break generation and detection 

e Parity, overrun and framing error detection 


w Binary synchronous features: 
« Internal or external character synchronization 
® One or two sync characters in separate registers 
° Automatic sync character insertion/deletion 
© CRC generation and checking 


® HDLC and SDLC features: 
« Abort sequence generation and detection 
« Automatic zero insertion and deletion 
e Automatic flag insertion between messages 
« Address field recognition 
« Support for one to eight bits/character 
® Valid receive messages protected from overrun 
© CRC generation and checking 


@ Interrupt features: 
e Daisy-chain interrupt logic provides automatic 
interrupt vectoring with no external logic 


« Programmable interrupt vector 
+ Status Affects Interrupt Vector mode for fast 
interrupt processing 
B CRC-16 Or CRC-CCITT block frame check 
w Separate modem control inputs and outputs for both 
channels 


m Modem status can be monitored 
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Figure 2. Z80-SIO/0 Pin Configuration 
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Pin Description 


Do-D,. System Data Bus (bidirectional, 3-state). The 
systern data bus transfers data and commands between 
the CPU and the Z80-SIO. Do is the least significant bit. 


B/A. Channel A Or B Select (input, High selects Chan- 
nel B). This input defines which channel is accessed 
during a data transfer between the CPU and the 
Z80-SIO. Address bit Ay from the CPU is often used for 
the selection function. 


C/D. Control Or Data Select (input, High selects Con- 
trol). This input defines the type of information trans- 
fer performed between the CPU and the Z80-SIO. A 
High at this input during a CPU write to the Z80-SIO 
causes the information on the data bus to be interpreted 
as a command for the channel selected by B/A. A Low at 
C/D means that the information on the data bus is data. 
Address bit A, is often used for this function. 


CE. Chip Enable (input, active Low). A Low level at 
this input enables the Z80-SIO to accept command or 
data input from the CPU during a write cycle, or to 
transmit data to the Cpu during a read cycle. 


6, System Clock (input). The Z80-SIO uses the stand- 
ard Z80 System Clock to synchronize internal signals. 
This is a single-phase clock. 


MI. Machine Cycle One (input from Z80-CPU, active 
Low). When Mi is active and RD is also active, the 
Z80-CPU is fetching an instruction from memory; when 
MI is active while IORQ is active, the Z80-SIO accepts MI 


cs 


Figure 3. 
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and IORQ as an interrupt acknowledge if the Z80-SIO is 
the highest priority device that has interrupted the 
Z80-CPU. 


IORQ. Input/Output Request (input from CPU, active 
Low). IORQ is used in conjunction with B/A, C/D, CE 
and RD to transfer commands and data between the CPU 
and the Z80-SIO. When TE, RD and IORQ are all active, 
the channel selected by B/A transfers data to the CPU (a 
read operation). When CE and iORQ are active, but RD is 
inactive, the channel selected by B/A is written to by the 
CPU with either data or control information as specified 
by c/D. As mentioned previously, if IORQ and MI are ac- 
tive simultaneously, the CPU is acknowledging an inter- 
rupt and the Z80-SIO automatically places its interrupt 
vector on the CPU data bus if it is the highest priority 
‘device requesting an interrupt. 


RD. Read Cycle Status. (input from CPU, active Low). 
If RD is active, a memory or 1/0 read operation is in 
progress. RD is used with B/A, CE and IORQ to transfer 
data from the Z80-SIO to the CPU. 


RESET. Reset (input, active Low). A Low RESET dis- 
ables both receivers and transmitters, forces TxDA and 
TxDB marking, forces the modem controls High and dis- 
ables all interrupts. The control registers must be re- 
written after the Z80-SIO is reset and before data is 
transmitted or received. 


IEI. Interrupt Enable In (input, active High). This sig- 
nal is used with IEO to form a priority daisy chain when 
there is more than one interrupt-driven device. A High 


MODEM 
CORTAOL 


ors 


Z80-SIO/1 Pin Configuration 


ceu 
DATA 
Bus 


sıo 
COnTAOL 
FROM 
cu 


DAIST 


679 


Cham { 
WTERAUPT 
COnTROL 


COMPONENTS 


Z-80 SIO Pin Description 


on this line indicates that no other device of higher pri- 
ority is being serviced by a CPU interrupt service routine. 


IEO. Interrupt Enable Out (output, active High). IEO 
is High only if ıEI is High and the CPU is not servicing an 
interrupt from this Z80-SIO. Thus, this signal blocks 
lower priority devices from interrupting while a higher 
priority device is being serviced by its CPU interrupt ser- 
vice routine. 


INT. Interrupt Request (output, open drain, active 
Low). When the Z80-SIO is requesting an interrupt, it 
pulls INT Low. 


W/RDYA, W/RDYB. Wait/Ready A, Wait/Ready B 
(outputs, open drain when programmed for Wait func- 
tion, driven High and Low when programmed for 
Ready function). These dual-purpose outputs may be 
prograrmmed as Ready lines for a DMA controller or as 
Wait lines that synchronize the CPU to the Z80-SIO data 
rate. The reset state is open drain. 


CISA, CTSB. Clear To Send (inputs, active Low). 
When programmed as Auto Enables, a Low on these 
inputs enables the respective transmitter. If not pro- 
grammed as Auto Enables, these inputs may be pro- 
grammed. as general-purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow-risetime 
signals. The Z80-SIO detects pulses on these inputs and 
interrupts the CPU on both logic level transitions. The 
Schmitt-trigger buffering does not guarantee a specified 
noise-level margin. 
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Figure 4. Z80-SIO/2 Pin Configuration 
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DCDA, DCDB. Data Carrier Detect (inputs, active 
Low). These pins function as receiver enables if the 
Z80-SIO is programmed for Auto Enables; otherwise 
(hey may be used as general-purpose input pins. Both 
pins are Schmitt-trigger buffered to accommodate slow- 
risetime signals. The Z80-SIO detects pulses on these 
pins and interrupts Ihe CPU on both logic level transi- 
tions. Schmitt-trigger buffering does not guarantee a 
specific noise level margin. 


RxDA, RxDB. Receive Data (inputs, active High). 
TxDA, TxDB. Transmit Data (outputs, active High). 


RxCA, RxCB. Receiver Clocks (inputs). Receive data 
is sampled on the rising edge of RxC. The Receive Clocks 
may be 1, 16, 32 or 64 times the data rate in Asyn- 
chronous modes. These clocks may be driven by the 
Z80-CTC Counter Timer Circuit for programmable 
baud rate generation. Both inputs are Schmitt-trigger 
buffered (no noise level margin is specified). See the 
following section for bonding options. 


TxCA, TxCB. Transmitter Clocks (inputs). TxD 
changes on the falling edge of TxC. In Asynchronous 
modes, the Transmitter Clocks may be 1, 16, 32 or 64 
times the data rate; however, the clock multiplier for the 
transmitter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buffered for 
relaxed rise- and fall-time requirements (no noise level 
margin is specified). Transmitter Clocks may be driven 
by the Z80-CTC Counter Timer Circuit for program- 
mable baud rate generation. See the following section 
for bonding options. 


RTSA, RTSB. Request To Send (outputs, active Low). 
When the RTS bit is set, the RTS output goes Low. When 
the RTS bit is reset in the Asynchronous mode, the out- 
put goes High after the transmitter is empty. In Syn- 
chronous modes, the RTS pin strictly follows the state of 
the RTS bit. Both pins can be used as general-purpose 
outputs. 


DTRA, DTRB. Data Terminal Ready (outputs, active 
Low). See note on bonding options. These outputs fol- 
low the state programmed into the DTR bit. They can 
also be programmed as general-purpose outputs. 


SYNC A, SYNC B. Synchronization (inputs/outputs, 
active Low). These pins can act either as inputs or out- 
puts. In the Asynchronous Receive mode, they are in- 
puts similar to CTS and DCD. In this mode, the transi- 
tions on these lines aßfect: the state of the Sync/Hunt 
status bits in RRO. In the External Sync mode, these lines 
also act as inputs. When external synchronization is 
achieved, SYNC must be driven Low on the second rising 
edge ol Rxc after that rising edge of RxC on which the 
last bit of the sync character was received. In other 
words, after the sync pattern is detected, the external 
logic must wait for two full Receive Clock cycles to acti- 
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vate the SYNC input. Once SYNc is forced Low, it is wise 
to keep it Low until the CPU informs the external sync 
logic that synchronization has been lost or a new mes- 
sage is about to slart. Character assembly begins on the 
rising edge of RxC that immediately precedes the falling 
edge of SYNC in the External Sync mode. 


In the Internal Synchronization mode (Monosync 
and Bisync), these pins act as outputs that are active 


„ during the part of the receive clock (RxC) cycle in which 


sync characters are recognized. The sync condition is 
not latched, so these outputs are active each time a sync 
pattern is recognized, regardless of character bounda- 
ries, 


Bonding Options 


The constraints of a 40-pin package make it impossible 
to bring out the Receive Clock, Transmit Clock, Data 
Terminal Ready and Sync signals for both channels. 
Therefore, Channel B must sacrifice a signal or have 
two signals bonded together. Since user requirements 
vary, three bonding options are offered: 


* 280-SIO/O has all four signals, but TxCB and RıCB 
are bonded together (Fig. 2). 

® Z80-SIO/1 sacrifices DTRB and keeps TxCB, RxCB 
and SYNCB (Fig. 3). 

® Z80-SIO/2 sacrifices SYNCB and keeps TxCB, RxCB 
and DTRB (Fig. 4). 


Architecture 


The device internal structure includes a Z80-CPU inter- 
face, internal control and interrupt logic, and two full- 
duplex channels. Each channel contains read and write 
registers, and discrete control and status logic that pro- 
vides the interface to moderns or other external devices. 


The read and write register group includes five 8-bit 
control registers, two sync-character registers and two 
status registers. The interrupt vector is written into an 
additional 8-bit register (Write Register 2) in Channel B 
that may be read through Read Register 2 in Channel B. 
The registers for both channels are designated in the text 
as follows: 


WRO-WR7 — Write Registers O through 7 

RRO-RR2 — Read Registers O through 2 
The bit assignment and functional grouping of each 
register is configured to simplify and organize the pro- 


gramming process. Table I lists the functions assigned 
to each read or write register. 


Transmit/Receive buffer status, Interrupt status and 


_ external status 
AR1 Speclal Recelve Condition status 
AR2 Modified Interrupt vector (Channel B only) 


Read Register Functions 
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wro Resister pointers, CRC initlalize, Initlallzation com- The logic for both channels provides formats, syn- 
mands for Ihe varlous modes, etc. chronization and validation for data transferred to and 
wAı1 Trangmit/Receiva Interrupi and data transfer mode from the channel interface. The modem control inputs 
definition. Clear to Send (CTS) and Data Carrier Detect (DCD) are 
WR2 Interrupt vector (Channel B only) monitored by the discrete control logic under program 


control. All the modem control signals are general pur- 
pose in nature and can be used for functions other than 
modem control. 


WA3 Receive parameters and control 


Transmit/Receive miscellaneous parameters and 
WR4 
modes 


WR5 Transmit parameters and controls 


For automatic interrupt vectoring, the interrupt con- 


WR6 Sync character or SDLC address field trol logic determines which channel and which device 
WR7 Sync character or SDLC Nag within the channel has the highest priority. Priority is 


fixed with Channel A assigned a higher priority than 


Wie Register Fanctlons Channel B; Receive, Transmit and External/Status in- 


Table 1. Functional Assignments of Read and Write terrupts are prioritized in that order within each chan- 
Registers nel, 
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Figure 5. Transmit and Receive Data Path 
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The transmit and receive data path illustrated for Chan- 
nel A in Figure 5 is identical for both channels. The 
receiver has three 8-bit buffer registers in a FIFO ar- 
rangement in addition to the 8-bit receive shift register. 
This scheme creates additional time for the CPU to ser- 
vice an interrupt at the beginning of a block of high- 
speed data. Incoming data is routed through one of 
several paths (data or CRC) depending on the selected 
mode and—in Asynchronous modes—the character 
length. 


The transmitter has an 8-bit transmit data register 
that is loaded from the internal data bus, and a 20-bit 
transmit shift register that can be loaded from the sync 
character buffers (wR6 and WR?) or from the transmit 
data register. Depending on the operational mode, out- 
going data is routed through one of four main paths 
before it is transmitted from the Transmit Data Output 
(TxD). 


Functional Description 


The functional capabilities of the Z80-SIO can be 
described from two different points of view: as a data 
communications device, it transmits and receives serial 
data, and meets the requirements of various data com- 
munications protocols; as a Z80 family peripheral, it 
interacts with the Z80-CPU and other Z80 peripheral 
circuits, and shares the data, address and control 
busses, as well as being a part of the Z80 interrupt struc- 
ture. As a peripheral to other microprocessors, the 
Z80-SIO offers valuable features such as non-vectored 
interrupts, polling and simple handshake capability. 


The first part of the following functional description 
describes the interaction between the Cpu and Z80-SIO; 
the second part introduces its data communications 
capabilities. 


V/O Interface Capabilities 


The Z80-SIO offers the choice of Polling, Interrupt 
(vectored or non-vectored) and Block Transfer modes to 
transler data, status and control information to and 
from the CPU. The Block Transfer mode can be im- 
plernented under CPU or DMA control. 


Polling. There are no interrupts in the Polled mode. 
Status registers RRO and RRI are updated at appropriate 
times for each function being performed (for example, 
CRc Error status valid at the end of the message). All 
the interrupt modes of the Z80-SIO must be disabled to 
operate the device in a polled environment. 


While in its Polling sequence, the CPU examines the 
status contained in RRO for each channel; the RRO status 
bits serve as an acknowledge to the Poll inquiry. The 
two RRO status bits Do and Dy indicate that a data 
transfer is needed. The status also indicates Error or 
other special status conditions (see ''Z80-SIO Program- 
ming’’). The Special Receive Condition status contained 


682 


COMPONENTS 


Z-80 SIO Architecture 


in RRI does not have to be read in a Polling sequence 
because the status bits in RRI must be accompanied by a 
Receive Character Available status in RRO. 


Interrupt. The Z80-SIO offers an elaborate interrupt 
scheme to provide fast interrupt response in real-time 
applications. Channel B registers wR2 and RR2 contain 
the interrupt vector that points to an interrupt service 
routine in the memory. To service operations in both 
channels and to eliminate the necessity of writing a 
status analysis routine, the Z80-SIO can modify the in- 
terrupt vector in RR2 so it points directly to one of eight 
interrupt service routines. This is done under program 
control by setting a program bit (WRI, D>) in Channel B 
called ‘Status Affects Vector.’’ When this bit is set, the 
interrupt vector in WR2 is modified according to the 
assigned priority of the various interrupting conditions. 
The table in the Write Register I description (Z80-SIO 
Programming section) shows the modification details. 


Transmit interrupts, Receive interrupts and External/ 
Status interrupts are the main sources of interrupts. 
Each interrupt source is enabled under program control 
with Channel A having a higher priority than Channel 
B, and with Receiver, Transmit and External/Status 
interrupts prioritized in that order within each channel. 
When the Transmit interrupt is enabled, the CPU is 
interrupted by the transmit buffer becoming empty. 
(This implies that the transmitter must have had a data 
character written into it so it can become empty.) When 
enabled, the receiver can interrupt the CPU in one of 
three ways: 


® Interrupt on the first received character 
® Interrupt on all received characters 
® Interrupt on a Special Receive condition 


Interrupt On First Character is typically used with the 
Block Transfer mode. Interrupt On All Receive Charac- 
ters has the option of modifying the interrupt vector in 
the event of a parity error. The Special Receive Condi- 
tion interrupt can occur on a character or message basis 
(End Of Frame interrupt in SDLC, for example). The 
Special Receive condition can cause an interrupt only if 
the Interrupt On First Receive Character or Interrupt 
On All Receive Characters mode is selected. In Interrupt 
On First Receive Character, an interrupt can occur from 
Special Receive conditions (except Parity Error) after 
the first receive character interrupt (example: Receive 
Overrun interrupt). 


The main function of the External/Status interrupt is 
to monitor the signal transitions of the CTS, DCD and 
SYNC pins; however, an External/Status interrupt is also 
caused by a Transmit Underrun condition or by the 
detection of a Break (Asynchronous mode) or Abort 
(SDLC mode) sequence in the data stream. The interrupt 
caused by the Break/Abort sequence has a special fea- 
ture that allows the Z80-SIO to interrupt when the 
Break/Abort sequence is detected or terminated. This 
feature facilitates the proper termination of the current 
message, correct initialization of the next message, and 
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the accurate timing of the Break/Abort condition in ex- 
ternal logic. 


CPU/DMA Block Transfer. The Z80-SIO provides a 
Block Transfer mode to accommodate CPU block trans- 
fer functions and DMA controllers (Z80-DMA or other 
designs). The Block Transfer mode uses the WAIT/ 
READY output in conjunction with the Wait/Ready bits 
of Write Register 1. The WAIT/READY output can be 
defined under software control as a WaAIT line in the CPU 
Block Transfer mode or as a READY line in the DMA 
Block Transfer mode. 


To a DMA controller, the Z80-SIO READY output in- 
dicates that the Z80-SIO is ready to transfer data to or 
from memory. To the CPU, the wAIT output indicates 
that the Z80-SIO is not ready to transler data, thereby 
requesting the CPU to extend the 170 cycle. The pro- 
gramming of bits 5, 6 and 7 of Write Register I and the 
logic states of the WAIT/READY line are defined in the 
Write Register I description (Z80-SIO Programming 
section). 


Data Communications Capabilities 


In addition to the 1/0 capabilities previously discussed, 
the Z80-SIO provides two independent full-duplex 
channels that can be programmed for use in Asynchro- 
nous, Synchronous and SDLC (HDLC) modes. These dif- 
ferent modes are provided to facilitate the implementa- 
tion of commonly used data communications protocols. 
The following is a short description of the data com- 
munications protocols supported by the Z80-SIO. A 
more detailed explanation of these modes can be found 
in the Z80-S/O Technical Manual. 


Asynchronous Modes. The Z80-SIO offers transmission 
and reception of five to eight bits per character, plus op- 
tional even or odd parity. The transmitter can supply 
one, one and a half or two stop bits per character and 
can provide a break output at any time. The receiver 
break detection logic interrupts the CPU only at the start 
and end ol a received break. Reception is protected 
from spikes by a transient spike rejection mechanism 
that checks the signal one-half a bit time after a Low 
level is detected on the Receive Data input. If the Low 
does not persist—as in the case of a transient—the char- 
acter assernbly process is not started. 


Framing errors and overrun errors are detected and 
buffered together with the partial character on which 
they occurred. Vectored interrupts allow fast servicing 
of error conditions using dedicated routines. Further- 
more, a built-in checking process avoids interpreting a 
framing error as a new start bit: a framing error results 
in the addition of one-half a bit time to the point at 
which the search for the next start bit is begun. 


The Z80-SIO does not require symmetric Transmit 
and Receive Clock signals—a feature that allows it to be 
used with a Z80-CTC or any other clock source. The 
transmitter and receiver can handle data at a rate of I, 
1/16, 1/32 or 1/64 of the clock rate supplied to the 
Receive and Transmit Clock inputs. 
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In Asynchronous modes, the SYNC pin may be pro- 
grammed for an input that can be used for functions 
such as monitoring a ring indicator. 


Synchronous Modes. The Z80-SIO supports both byte- 
oriented and bit-oriented synchronous communication. 
Synchronous byte-oriented protocols can be handled in 
several modes that allow character synchronization with 
an 8-bit sync character (Monosync), any 16-bit sync pat- 
tern (Bisync), or with an’external sync signal. Leading 
sync characters can be removed without interrupting the 
CPU. CRC checking for synchronous byte-oriented 
modes is delayed by one character time so the CPU may 
disable CRC checking on specific characters. This per- 
mits implementation of protocols such as IBM Bisync. 


Both CRc-ı6 (X16+X15+X2+1) and CCITT 
(X16 + X124+xX5 +1) error checking polynomials are sup- 
ported. In all non-SDLC modes, the CRC generator is in- 
itialized to 0’s; in SDLC modes, it is initialized to !’s. 
(This means that the Z80-SIO cannot generate or check 
CRC for IBM-compatible soft-sectored disks.) The 
2Z80-SIO also provides a feature that automatically 
transmits CRC data when no other data is available for 
transmission. This allows very high-speed (ransmissions 
under DMA control with no need for CPU intervention at 
the end of a message. When there is no data or CRC to 
send in Synchronous modes, the transmitter inserts 8- or 
16-bit sync characters regardless of the programmed 
character length. Since the CPU can read status informa- 
tion from the Z80-SIO, it can determine the type of 
transmission (data, CRC or sync characters) that is tak- 
ing place at any time. 


The Z80-SIO supports synchronous bit-oriented pro- 
tocols such as SDLC and HDLC by performing automatic 
flag sending, zero insertion and CRC generation. A spe- 
cial command can be used to abort a frame in transmis- 
sion. The Z80-SIO automatically transmits the CRC and 
trailing flag when the transmit buffer becomes empty. 
An interrupt warns the CPU of this status change so an 
abort may be issued if a transmitter underrun has oc- 
curred. One to eight bits per character can be sent, 
which allows transmission of a message exactly as 
received with no prior information about the character 
structure in the information field of a frame. 


The receiver automatically synchronizes on the lead- 
ing flag of a frame and provides a synchronization sig- 
nal that can be programmed to interrupt. In addition, 
an interrupt on the first received character or on every 
character can be selected. The receiver automatically 
deletes all zeroes inserted by the transmitter during char- 
acter assembly. It also calculates and automatically 
checks the CRC to validate frame transmission. At the 
end of transmission, the status ol a received frame is 
available in the status registers. The receiver can be pro- 
grammed to search for frames addressed to only a speci- 
fied user-selectable address or to a global broadcast ad- 
dress. In this mode, frames that do not match the user- 


G/ Z-80' SIO Z-80A SIO 


COMPONENTS 


Zilog 
selected or broadcast address are ignored. The Address 
Search mode provides for a single-byte address recog- 


nizable by the hardware. The number of address bytes 
can be extended under software control. 


The Z80-SIO can be conveniently used under DMA 
control to provide high-speed reception. The ZB0-SIO 
can interrupt the CPU when the first character of a mes- 
sage is received. The CPU then enables the DMA to trans- 
fer (he message to memory. The Z80-SIO then issues an 
End Of Frame interrupt and the CPU checks the status 
of the received message. Thus, the CPU is freed for other 
service while the message is being received. A similar 
scheme allows message (ransmission under DMA con- 
trol. 


Z80-SIO Programming 


To program the Z80-SIO, the system program first 
issues a series of commands that initialize the basic 
mode of operation and then other commands that qual- 
ify conditions within the selected mode. For example, 
the Asynchronous mode, character length, clock rate, 
number of stop bits, even or odd parity are first set, 
then the interrupt mode and, finally, receiver or 
transmitter enable. The wR4 parameters must be issued 
before any other parameters are issued in the initializa- 
tion routine. 


Both channels contain command registers that must 
be programmed via the system program prior to opera- 
tion. The Channel Select input (B/A) and the Control/ 
Data input (C/D) are the command structure addressing 
controls, and are normally controlled by the CPU ad- 
dress bus. Figure 8 illustrates the timing relationships 
for programming the write registers, and transferring 
data and status. 


Write Registers 


The Z8B0-SIO contains eight registers (WRO-WR7) in 
each channel that are programmed separately by 
the system program to configure the functional 
personality of the channels. With the exception of 
WRO, programming the write registers requires two 
bytes. The first byte contains three bits (Dg-D,) that 
point to the selected register; the second byte is 
the actual control word that is written into the 
register to configure the ZBO-SIO. 


WRO is a special case in that all the basic com- 
mands (CMDo-CMD;) can be accessed with a single 
byte. Reset (internal or external) initializes the 
pointer bits Do-Dz to point t0O WRO. 


Read Regisiers 


The Z80-SIO contains three registers, RRO-RR2 (Figure 
6), that can be read to obtain the status information for 
each channel (except for RR2 — Channel B only). The 
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status information includes error conditions, interrupt 
vector and standard communications-interface signals. 


To read the contents of a selected read register 
other than RRO, the system program must first 
write the pointer byte to WRO in exactly the same 
way as a write register operation. Then, by ex- 
ecuting an input instruction, the contents of the 
addressed read register can be read by the CPU. 


The status bits of RRO and RRI are carefully 
grouped to simplify status monitoring. For exam- 
ple, when the interrupt vector indicates that a 
Special Receive Condition interrupt has occurred, 
all the appropriate error bits can be read from a 
single register (RRI). 
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WRITE REGISTER 0 


REGISTER 0 
REGISTER 1 
REGISTER 2 
AEGISTER 3 
REGISTER 4 
REGISTER 5 
AEGISTER 6 
REGISTER 7 
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AESET Tr CAC GENERATOR 
AESET Tr UNDERRUN/EOM LATCH 


WRITE REGISTER 1 


oz ]os [os | os | 03 [| 02 | v1 | oo 


EXT INT ENABLE 
Ta INT ENABLE 
STATUS AFFECTS VELTOR 
(CH. 8 ONLY) 
0 0 As INT DISABLE 
0 1 Au INT ON FIRST CHARACTER 
10 INT ON ALL Rx CHARACTERS (PARITY AFFECTS VEi zn | - 
104 INT O8 ON a Az CHARACTERS (PARITY DOES NOT AFFE 
IY/READY ON RIT 
READY FUNCTION CONDITION 
WAIT/READY ENABLE 
WRITE REGISTER 2 (CHANNEL B ONLY) 
[7 05] 04 | 03] no |] 
U u 
v1 
v2 
v3  INTERAUPT 
va / VECTOR 
vs 
v6 
a ne 17 


WRITE REGISTER 3 


x ENABLE 
SYNC CHARACTER LOAD INHIBIT 
A SEARCH MODE (SOLC) 


ENTER HUNT  mASE 
——————MITO ENABLES 
0 0 A 5 BITS/CHARACTER 
0 1 Au 7 BITS/ICHARACTER 
1 0 Aa 6 BITS/CHARACTER 
1 1 AB BITS/CHARACTER 
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WRITE REGISTER 4 


07 ] os [| 05 ]o4 ] 03 [| v2] oı | oo 
| En: ENABL| 
PARITY EVEN 


[1 0 _SYNC MODES ENABLE 
0 1 1.STOP BITICHARACTER 
i 0 1% STOP BITS/CHARACTER 
1 1 2 STOP BITS/CHARACTER 
0 0 88T Zn Yen 
0 1 16 BIT SYNC 
1 0  SDLC MODE anni Pac) 
1 1 EXTERNAL SYNC MODE 


X1 CLOCK MODE 
x16 CLOCK MODE 
x32 CLOCK MODE 
x64 CLOCK MODE 


0 0 
0 1 
1 0 
1 1 


WRITE REGISTER 5 


Ta CAC ENABLE 
Ars 
SEAL 18 


Tr ENABLE 
- SEND BREAK 


Tı 5 BTS (OR LESS 


ICTER 


Ta 6 BITS/CHARACTER 


OTA 


WRITE REGISTER 6 


1 md 
EN BITO 
——— SYNG BIT 1 
— — SYNC BIT 2 
ge — -——SYNC BIT 3 \, 
m ————— SINE BIT 4 


-- SYNC BIT 5 
5 - SYNC BIT 6 
ale — SYNC BIT 7 


"ALSO SDLC ADDRESS FIELD 


WRITE REGISTER 7 


SYNC BIT 8 
—— SYNC BIT 9 
Sync BIT 10 


EN 0 SYNE BIT 15 


“FOR SDLC IT MUST BE PROGRAMMED 
T0 "01111110 FOR FLAG RECOGNITION 


Figure 7. Write Register Bit Functions 
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Timing 


Read Cycle. The timing signals generated by a 
Z80-CPU input instruction to read a Data or Status byte 
from the Z80-SIO are illustrated in Figure Ba. 


en) 


DATA OUT 


Figure 8a. Read Cycle 


Interrupt Acknowledge Cycle. After receiving an 
Interrupt Request signal (iNT pulled Low), the 
Z80-CPU sends an Interrupt Acknowledge signal 
(Mı and IORQ both Low). The daisy-chained inter- 
rupt circuits determine the highest priority inter- 
rupt requestor. The IEı of the highest priority 
peripheral is terminated High. For any peripheral 
that has no interrupt pending or under service, 
IEO=IEI. Any peripheral that does have an interrupt 
pending or under service forces its IEO Low. 


To insure stable conditions in the daisy chain, 
all interrupt status signals are prevented from 
changing while Mi is Low. When iORQ is Low, the 
highest priority interrupt requestor (the one with 
IEI High) places its interrupt vector on the data bus 
and sets its internal interrupt-under-service latch. 


Figure 8c. Interrupt Acknowledge Cycle 


Write Cycle. Figure 8b illustrates the timing and data 
signals generated by a Z80-CPU output instruction to 
write a Data or Control byte into the Z80-SIO. 


Figure 8b. Write Cycle 


Return From Interrupt Cycle. Normally, the 
Z80-CPU issues a RETI (RETurn from interrupt) in- 
struction at the end of an interrupt service routine. 
RETI is a 2-byte opcode (ED-4D) that resets the 
interrupt-under-service latch to terminate the in- 
terrupt that has just been processed. This is ac- 
complished by manipulating the daisy chain in the 
following way. 


The normal daisy chain operation can be used to 
detect a pending interrupt; however, it cannot distin- 
guish between an interrupt under service and a pending 
unacknowledged interrupt of a higher priority. When- 
ever ‘ED" is decoded, ihe daisy chain is modified by 
forcing High the IEO of any interrupt that has not yet 
been acknowledged. Thus the daisy chain identifies the 
device presently under service as the only one with an IEI 


Figure 8d. Return from Interrupt Cycke 


686 


// Z-80 SIO Z-80A SIO 
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High and an ıEO Low. If the next opcode byte is ‘4D,” 
the interrupt-under-service latch is reset. 


The ripple time of the interrupt daisy chain (both the 
High-to-Low and the Low-to-High transitions) limits 
the number of devices that can be placed in the daisy 
chain. Ripple time can be improved with carry-look- 
ahead, or by extending the interrupt acknowledge cycle. 
For further information about techniques for increasing 
the number of daisy-chained devices, refer to Zilog 
Application Note 03-0041-01 (The Z80 Family Program 
Interrupt Structure). 


Daisy Chain Interrupt Nesting 


Figure 9 illustrates the daisy chain configuration of 
interrupt circuits and their behavior with nested inter- 


CHANNEL 
EXTERNAL 
STATUS 


CHANNEL A 
RECEIVER 


CHANNEL A 
TAANSMITTER 


A 
L 


COMPONENTS 
Z-80 SIO Timing 


rupts (an interrupt that is interrupted by another with a 
higher priority). 


Each box in the illustration could be a separate exter- 
nal Z80 peripheral circuit with a user-defined order of 
interrupt priorities. However, a similar daisy chain 
structure also exists inside the Z80-SIO, which has six 
interrupt levels with a fixed order of priorities. 


The case illustrated occurs when the transmitter of 
Channel B interrupts and is granted service. While this 
interrupt is being serviced, it is interrupted by a higher 
priority interrupt from Channel A. The second interrupt 
is serviced and— upon completion—a RETI instruction is 
executed or a RETI command is written into the 
Z80-SIO, resetting the interrupt-under-service latch of 
the Channel A interrupt. At this time, the service rotine 
for Channel B is resumed. When it is completed, 
another RETI instruction is executed to complete the in- 
terrupt service. 


CHANNEL B 
EXTERNAL 
STATUS 


CHANNEL B 
RECEIVER 


CHANNEL B 
TRANSMITTEA 


+ 
— DEE — ee — ee — e « — e © — BEE — 


1. PRIORITY INTERRUPT DAISY CHAIN BEFORE ANY INTERRUPT OCCURS. 


UNDER SERVICE 


ir ee — e- - BE — ee — e -+ nm 


2. CHANNEL B TRANSMITTER INTERRUPTS AND IS ACKNOWLEDGED. 


UNDER SERVICE 


[a eo « — Re - — e e- {I * ir 1 ls 
Low 


3. EXTERNAL/STATUS OF CHANNEL A INTERRUPTS SUSPENDING SERVICE OF CHANNEL B 


TRANSMITTER. 


SERVICE COMPLETED 


SERVICE SUSPENDED 


SERVICE RESUMED 


ie: oe — ee) — ee — DE — et {I 5 


4. CHANNEL A EXTERNAL/STATUS ROUTINE COMPLETE. RETI ISSUED, CHANNEL B 


TRANSMITTER SERVICE RESUMED. 


SERVICE COMPLETED 


& Re « — ee — = — ee — DE — ee) — 


5. CHANNEL B TRANSMITTER SERVICE ROUTINE COMPLETE, SECOND RETI ISSUED. 
Figure 9. Typkal Interrapt Segueuce 
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Electrical Characteristics 


AC Characteristics 
Ta=0°C, Vec= +5V, 45% 
Iyion) 


rn T2 TaTW 107} rn 


wel) 


m 3 
= 
„ 
E3 
B 


09-07 


IMEL IT) 


!oal!dı 


/ 


COMPONENTS 


[il IomtiO) 
IEO | 
toL1t) 
za0-Siı0 ZBOA-SIO 
Shgnal Symbol Parameter Min Mer Min Man Unit 
te) Ciock Period “00 A000 250 A000 ns 
{öh) Clock Pulse With. ciock HIGH 170 2000 105 2000 ns 
s Wal) Ciock Puise WI. cock LOW ‚70 2000 105 000 ns 
Veh Clock Aıse and Fal Tumes o % [e} % ns 
% Any Unspecited Hold Tıme for setup Bmes o o ns 
speahed beiow 
TE. BA_ cs) Controi Sagnal Seiup Time lo nsang edige of 160 145 ns 
CD. ORQ + dung Read or Wate Cycie 
[9 0)} Data Output Delay Irom nsıng edge of & dunng 240 220 ns 
Read Cycie 
40) Oata Selup Tim 10 rısıng edge ol & durng EI} 50 ns 
DD, Wnie or M1 Cycie 
” K.D) Oa1a Output Delay from tallıng edge ol IORQ 40 160 ns 
dunng INTA Cytie 
4iD) Delay to Fioatıng Bus (output budfer dısable Iıme) 20 110 m 
[4] yilEı) 1E1 Setup Time 10 falıng edge ol SAG durıng 200 140 ns 
INTA Cycle 
Le} IEO Delay Tıme rom nsmg edge of IEI 150 100 ns 
(ster ED decode) 
1EO [’Le)} IEO Delay Tıma Irom lalıng edge of IEI 150 100 ns 
WO) IEO Delay Tıme from lalıng edge ot Mi (mierrupt %0 190 ns 
OcCurnng just pnor Io MI) 
Mı WM) Wi Setup Teme to nsmg eoge ol & during INTA 210 % ns 
0 Mi Cycie 
AD (AD) AD Setup Tume 10 nsıng edge of & dunng Read 240 115 ns 
or MI Cycle 


“IF WATT from the SIO is 10 be used, CE, TORQ, C/D and Mi must be valid for as long as the Wait condition is to persist. 


Figure 9. Typical Interrupt Sequence 
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AC Characteristics 


m — 


ers. 00. $ 


T10 


— pl) 4 — 


E) 


Ipasc (SY) = 100 ns 


ALTEN) 


NOTES: 

3. The SYNE input must be driven Low on the rising edge of RaC delayed two complete clock cycles From the lası bit of the 
ayoc character. 

?. Data chararter asuembly begina on ıhe net Receive Cloch cycle after Ihe last bit of Ihr aync character is received. 


zu0-8ı0 ZBA-SIO 
Ygnal Symboi Parameter Min Yon Min Sau Yan 
en Kai) INT Delay Time tom nsing edge ol Arc 0 IF) 10 139 6 penods 
INT ui T) INT Delay Tıme from transıtron ol Xmit Data But 5 9 5 9 $penods 
PH) Minimum HIGH Pulse Width Ior latching state 200 200 ns 
mio register and generatng ınterrupt 
WiPU) Menımum LOW Pulse Width for latching state 200 200 ns 
(nto register and generaung ınterrupl 
ISY Syrc Pulse Delay Time Irom msıng edge ol AxC. 4 7 a 7 &penods 
SYNCA. SVNCB Output Modes: u 
3 - aciSY) ‚Sync Pulse Delay Tıme trom nsıng edge of RıC 100 0 ns 
Externat Sync Mode 
ee KTRC) Trangmıl Clock Penod 400 2.000 m 
TuCA, TaCB IWTCH, Transmıl Clock Pulse With, clock HIGH 180 x 180 = ng 
WITCH Transmi Clock Pulse Widtn, clock LOW 80 = 80 am 
TaDA. TrDB* TED) TaD Output Delay from lallıng Edge ol TaC 400 u 
(11 Clock Mode) 
u KRAC) Racemwe Clock Perad 400 =.40 = 
RrCA, FrCB WACH) Alscemve Cioch Pulse Walth, clock HIGH 180 = 180 = ns 
WRCL) Ascerve Clock Pulse Weit. clock LOW 180 = 180 mm 
RuDA, FxOB' WRRC) Setup Trap 10 nsıng edge of RixC. mi mode o o ra 
WIRRC) Holt Tıme from esung edge of AxC. x 1 mode 140 140 [8 


*In_ all modes, Ihe aystem clock (6) rate must be at least 4.5 times the maximum data rate. 
RESET must be active a minimum of one complete & cycle. 


689 


COMPONENTS 
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Zilog Electrical Characteristics 


AC Characteristics 


tpLoWR) 


| WAIT FUNCTION READY FUNCTION 


zw-s0 ZmOA-8IO 
Signal Symbol Parameter “Mn Ma Min Man Unit 
int WEIN) INT Omlay Tue Irom nsıng edge ol & 0 m m 
WICLWIR) WAITIREADV Delay Trme trom IORO or CE ın 300 210 m 
Wan Mode 
UHEWIR) WAIT/READY Delay Tıme Irom lallıng edge of 6. 150 10 nm 
EIER EN" WAITIAEADY HIGH. War Mode Br 
WAITREADOY WALWIR) WAIT/READY Detay Tıme from nung edge ol Arc 10 13 o 3 4penade 
Dau Bıl. Ready Mode 
WTurwiR) WAITIFIEADV Delay Time Irom center of Trarsmei s 9 E 9 + penods 
Date Eul. Ready Mode 
WLEWIR) WAITIREADY Delay Turm Irom nang edge ol 6. Ir} 0 m 


WAITIREADY LOW. Ready Mode 


DC Characteristics 
Ta=0°C t0 70°C, Vee= +5V, +5% 


Min. 
; Clock Input Low age nn - os 
Clock Input Hıgh Voltage 7. Ve +5 ıv 
input Low Vollage u 03 08V 
npı ee +20 00 +55 v 
Output Low Vollage sa +04 v to =2.0mA 
Yon "Output High Voltage RE FrYG v Ion 3 - 0 A 
Input Leakage Curranı nr Fa 0 ro r\ O<VnS Ver 
"Fsiate OutpuuData Bus Input Leakage Current -ı0 ee) „A 0& VS Vec 
2 SYNC Pın Leakage Current iz ä u -40 +10 A O6 VYnSVec 
"Power Suppıy Current E 100 mA 
Capacitance 
Ta=25°C, f=1 MHz 
Symbol Pasameiss Min. Mau Unit Test Condition 
c Clock Capscitance [} pr Unmansüred 
[er Input Capacitance 5 pr Pins retumed 
Cour Output Capacilance 1} pE 10 ground 
TEST POINT “c 
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1 

2 
3 
4 
s 
6 
7 
‘ 
9 


200-810/0 180-510/1 280-510/2 
E\) 1 


Package Outlines 


ars SIO Z-80A SIO COMPONENTS 


Zilog Ordering Information 


Bonding, Package and Temperature Identification 


/0 — Type 0 Bonding Examples: 

/1 — Type I Bonding 

/2 — Type 2 Bonding 2Z80-SIO/1 CS (Type I bonding, ceramic package, 
standard range) 

C — Ceramic Package Z80-SI0/2 PS (T. f ; 

P__ Plastic Package /2 PS (Type 2 bonding, plastic package, standard 
range) 

S — Standard Range (5V, +5%, 0°C to 70°C) 

E — Extended Range (5V, +5%, - 40°C to 85°C) 

M — Military Range (5V, +10%, -55°C to 125°C) 
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Peripheral Interface SY6520 
Adapter (PIA) SY6520A 


| MICROPROCESSOR 
Synertck PRODUCTS 


.OORPOAATEN 


APRIL 1979 


Direct Replacement for MC6820 Automatic '’'Handshake’ Control of Data Transfers 
Single +5V Power Supply Programmable Interrupt Capability 

Two 8-bit Bi-directional I/O Ports with Individual Automatic Initialization on Power Up 

Data Direction Control 1 and 2 MHz Versions 

CMOS-Compatible Peripheral Control Lines 


The SY6520 Peripheral Interface Adapter (PIA) is de- /O ports. Each I/O line may be programmed to be 
signed to provide a broad range of peripheral control either an input or an output. In addition, four peri- 
to microcomputer systems. Control of peripheral de- pheral control lines are provided to perform "'hand- 
vices is accomplished through two 8-bit bi-directional shaking” during data transfers. 


BASIC SY6520 INTERFACE DIAGRAM PIN ASSIGNMENTS 


=> CONTROL 


8.BIT 
DATA BUS 
8.BIT 
DATA PORT | PERIPHERAL 


MICAO- 
PROCESSORS PRINTERS, 
SY650X s 8.817 DISPLAYS. ETC. 


DATA PORT 
conTRoL > 
Ki) CONTROL 


ORDERING INFORMATION 


SYC6520 Ceramic 
$YP6520 Plastic 
SYC6520A Ceramie 
SYP6520A Plastic 


>| SYNERTEK” INC. e P.0.B0X552 ® SANTA CLARA. CALIFORNIA 95052 ® TEL. 1408) 988-5600 ® TWX: 910-338-0135 
B-15K-4/79 
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MAXIMUM RATINGS 


Operating 
Temperature Range 


SY6520/SY6520A 


This device contains circuitry to protect the inputs 
against damage due to high static voltages, however, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this circuit. 


D.C. CHARACTERISTICS (vcc = 5.0V # 5%, Vss = 0, Ta = 0-70°C unless otherwise noted) 


Characteristic 
Input High Voltage 
Input Low Voltage 


Input Leakäge Current 
Vın = 010 5.0V 


RW, Reset, RSo, RSı, CSo. CS4, CS, CA1, CB}, 2 


Three-State (Off State Input Current) 
(Vn = 0.410 2.4 V, Vec = 
CB2 

Input High Current 
(Vu = 2.4 V), PAo-PA7, CAa 

Input Low Current 
(VıL -=04 v, PAo-PA7z, CA2 

Output High Voltage 
(Vec = min, lou = -100 A) 

Output Low Voltage 
(Vec = min, lol - 1.6mA) 

Output High Current (Sourcing) 
(VoH = 2.A4V) 


(Vo = 1.5 V, the current for driving other than TTL, 


e.g., Darlington Base ), PBo-PB7. CB» 
Qutput Low Current (Sinking) 
(VoL=0.4V) 
Output Leakage Current (Off-State), IROA, IRQB 
Power Dissipation 
Input Capacitance 
(Vin — 0, Ta = 25°C, f = 1.0 MHz) 
Do-Dz, PAo-PAz, PBo-PB7, CA3, CB2 
R/W, Reset, RSo, RSı, CSo. CSı, C$2, 
CAı, CBı, 2 


Output Capacitance 
(Yin - 0, Ta = 25°C, f = 1.0 MHz) 


max), Do-D7, PBo-PBz, 


Symbol 


+ 
o 


H 


r 


H+ 
D 
[) 


Irsı 


Ir 
- 
oO 


n 


Fr 


Cour 


2 

2 
No 
oo 


o° 
nn 


Note: Negative sign indicates outward current flow, positive indicates inward flow. 
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ADDRESS 


PERIPHERAL 
DATA 


DATA BUS 


ca2 
WPULSE OUT) 


cA2 
(HAND SHAKE} 


Figure 1. Read Timing Characteristics 


ADDRESS 


DATA BUS 


PERIPHERAL DATA 


C8’2 {PULSE OUT) 


CB 2 (HAND SHAKE) 


Figure 2. Write Timing Charecteristics 
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_ SY6520/SY6520A 


SWITCHING CHARACTERISTICS (Vec = +5V #5%, Ta = 0-70°C, unless otherwise noted) 


Characteristic 
READ TIMING CHARACTERISTICS 
Delay Time, Address Valid to 2 Positive Transition 
Delay Time, &5 Positive Transition to Data Valid on Bus 
Peripheral Data Setup Tirne 
Data Bus Hold Time 
Delay Time, $2 Negative Transition to CA2 Negative Transition 
Delay Time, $2 Negative Transition to CA2 Positive Transition 
Rise and Fall Time for CA1 and CA2 Input Signals 


Delay Time from CA1 Active Transition to CA2 Posit've 
Transition 


Rise and Fall Time for d2 Input 


WRITE TIMING CHARACTERISTICS 
2 Pulse Width 
Delay Time, Address Valid to d2 Positive Transition 


Delay Time, Data Valid to #2 Negative Transition 


Delay Time, Read/Write Negative Transition to 2 Positive 
Transition 


Data Bus Hold Time 
Delay Time, &2 Negative Transition to Peripheral Data Valid 


Delay Time, $2 Negative Transition to Peripheral Data Valid 
CMOS (Vcc - 30%) PAO-PA7, CA2 


Delay Time, #2 Positive Transition to CB2 Negative Transition 
Delay Time, Peripheral Data Valid to CB2 Negative Transition 
Delay Time, $2 Positive Transition CB2 Positive Transition 
Rise and Fall Time for CB1 and CB2 Input Signals 

Delay Time, CB1 Active Transition to CB2 Positive Transition 


Delay Time, &2 Negative Transition to Read/Write Positive 
Transition 


TEST LOAD 
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INTERFACE SIGNAL DESCRIPTION 


RES (Reset) 

This signal is used to initialize the PIA. A low signal 
on the RES input causes all internal registers to be 
cleared. 


®2 (Input Clock) 

This input is the system ®2 clock and is used to trig- 
ger all data transfers between the microprocessor and 
the PIA. 


R/W (Read/Write) 

This signal is generated by the microprocessor and is 
used to control the direction of data transfers. A high 
on the R/W signal permits the. processor to read data 
supplied by the PIA; a low on the RW signal permits 
the processor to Write into the PIA. 


IROA, IAQB (Interrupt Requests) 

IROA and IRGB are interrupt lines generated by the 
PIA for ports A and B respectively. These signals are 
active low signals and have open-drain outputs, thus 
allowing multiple IRQ signals from multiple PIA’s to 
be wire-ORed together before connecting to the pro- 
cessor IRQ signal input. 


AGA 


CONTROL 
REGISTER A 
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SY6520/SY6520A 


Do-D7 (Data Bus) 

These eight data bus lines are used to transfer data 
information between the processor and the PIA. These 
signals are bi-directional and are normally high- 
impedance except when selected for a read operation. 


CS1, CS2, CS3 (Chip Selects) : 
The PIA is selected when CS1 and CS2 are high and 
CS3 is low. These three chip select lines are normally 
connected to the processor address lines either dir- 
ectly or through external decoder circuits. 


RSO, RS1 (Register Selects) 
These two signals are used to select the various regis- 
ters inside the PIA. 


INTERNAL ARCHITECTURE 


The $Y6520 is organized into two independent sec- 
tions referred to as the "A Side’’ and the ”'B Side.” 
Each section consists of a Control Register (CRA, 
CRB), Data Direction Register (DDRA, DDRB), Out- 
put Register (ORA, ORB), Interrupt Status Control 
and the buffers necessary to drive the Peripheral Inter- 
face buses. Figure 3 is a block diagram of the SY6520. 


INTERRUPT STATUS 
CONTROL A 


DATA DIRECTION 
REGISTER A 
(DDRA) 


OUTPUT BUS 


DATA BUS 
BUFFERS 
(088) 


PERIPHERAL 


REGISTER A 
t0RA) 


DATA INPUT 


REGISTER 
{oır) PERIPHERAL 


OUTPUT 
REGISTERB 


CONTROL 


ENABLE 
RESET 


REGISTER 
(ca) 


IROB 


Figure 3. SY6520 Block Diagram 
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INTERFACE 
BUFFEA 


PERIPHERAL 
INTERFACE 
BUFFER 


DATA DIRECTION 
REGISTER B 
tODRB) 


INTERRUPT STATUS 
CONTROL B 
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SY6520/SY6520A 


Access 


CA1 Control 
——— 


rl 
UNE RT 30 U BE Te 3 BE EEE 
IROBI | IRQB2 CB2 Control DDRB CB2 Control 
i—n Access rm 


Figure 4. Control Aegistors 


Data Input Register 

When the microprocessor writes data into the SY6520, 
the data which appears on the data bus during the 
Phase Two clock pulse is latched into the Data Input 
Register, It is then transferred into one of six internal 
registers of the SY6520 after the trailing edge of Phase 
Two. This assures that the data on the peripheral out- 
put lines will make smooth transitions from high to 
low or from low to high and the voltage will remain 
stable except when it isgoing to the opposite polarity. 


Control Registers (CRA and CRB) 


Figure 4 illustrates the bit designation and functions 
in the Control Registers. The Control Registers allow 
the microprocessor to control the operation of the 
Interrupt Control inputs (CA1, CA2, CB1, CB2), and 
Peripheral Control outputs (CA2, CB2). Bit 2 in 
each register controls the addressing of the Data Dir- 
ection Registers (DDRA, DDRB) and the Output Reg- 
isters (ORA, ORB). In addition, two bits (bit 6 and 
7) are provided in each control register to indicate the 
status of the interrupt input lines (CA1, CA2, CB1, 
CB2). These interrupt status bits (IROA1, IROB1) 
are normally interrogated by the microprocessor dur- 
ing the interrupt service routine to determine the 
source of an active interrupt. These are the interrupt 
lines which drive the interrupt input (IRQ, NMI) of 
the microprocessor. 


Data Direction Registers (DDRA, DDRB) 


The Data Direction Registers allow the processor to 
program each line in the 8-bit Peripheral I/O port to 
be either an input or an output. Each bit in DDRA 
controls the corresponding line in the Peripheral A 
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port and each bit in DDRB controls the corresponding 
line in the Peripheral B port. Placing a ''0”' in a bit 
position in the Data Direction Register causes the 
corresponding Peripheral I/O line to act as an input; 
a 1” causes it to act as an output. 


Peripheral Output Registers (ORA, ORB) 


The Peripheral Output Registers store the output data 
which appears on the Peripherat I/O port. Writing a 
“O0” into a bit in ORA causes the corresponding line 
on the Peripheral A port to go low {< 0.4V) if that 
line is prograrmmed to act as an output. A ‘1’ causes 
the corresponding output to go high. The lines of the 
Peripheral B port are controlled by ORB in the same 
manner. 


Interrupt Status Control 


The four interrupt/peripheral control lines (CA1, CA2, 
CB1, CB2) are controlled by the Interrupt Status Con- 
trol logie (A, B). This logic interprets the contents of 
the corresponding Control Register, detects active 
transitions on the interrupt inputs and performs those 
operations necessary to assure proper operation of 
these four peripheral interface lines. 


Peripheral Interface Buffers (A, B) and’ Data Bus 
Buffers (DBB) 


These Buffers provide the necessary current and 
voltage drive on the peripheral I/O ports and data 
bus to assure proper system operation and to meet 
the device specifications. 


u 


FUNCTIONAL DESCRIPTION 


Bit 2 (DDR) in each Control Register (CRA and 
CAB) controls the accessing to the Data Direction 
Register or the Peripheral interface. If bit 2 is a 1"; 
a Peripheral Output register (ORA, ORB) is selected, 
and ifbit2isa *0”,a Data Direction Register (DDRA, 
DDAB) is selected. The Data Direction Register Access 
Control bit, together with the Register Select lines 
{RSO, RS1) selects the various internal registers as 
shown in Figure 5. 


In order to write data into DDRA, ORA, DDRB, or 
ORB registers, bit 2 in the proper Control Register 
must first be set. The desired register may then be 
accessed with the address determined by the address 
interconnect technique used. 


Register Select Lines (RSO), (RS1) 


These two register select lines are used to select the 
various registers inside the $SY6520. These input lines 
are used in conjunction with internal control regis- 
ters to select a particular register that is to be ac- 
cessed by the microprocessor. These lines are normal- 
Iy connected to microprocessor address output lines, 
These lines operäte in conjunction with the chip-select 
inputs to allow the microprocessor to address a single 
8-bit register within the microprocessor address space. 
This register may be an internal register (CRA, ORA, 
etc.) or it may be a Peripheral I/O port. 


The processor may write directly into the Control 
Registers {(CRA, CRB), the Data Direction Registers 
{DDRA, DDRB) and the Peripheral Output Registers 
(ORA, ORB). In addition, the processor may directly 
read the contents of the Control Registers and the 
Data Direction Registers. Accessing the Peripheral Out- 
put Register for the purpose of reading data back into 
the processor operates differently on the ORA and the 
ORB registers and therefore are discussed separately 
below. 


Register 
Select 


Data Direction 
Register Access 


Control Bit 


Figure 5, Aegister Addressing 
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Reading the Peripheral A I/O Port 


The Peripheral A I/O port consists of 8 lines which 
can be programmed to act as inputs or outputs. When 
programmed to act as outputs, each line reflects the 
contents of the corresponding bit in the Peripheral 
Output Register. When programmed to act as inputs, 
these lines will go high or low depending on the input 
data. The Peripheral Output Register (ORA) has no 
effect on those lines programmed to act as inputs. The 
eight lines of the Peripheral A 1/O port therefore con- 
tain either input or output data depending on whether 
the line is programmed to act as an input or an output. 


Performing a Read operation with AS1 = 0, RSO=0 
and the Data Direction Register Access Control bit 
(CRA-2) = 1, directly transfers the data on the Pe- 
ripheral A I/O lines into the processor (via the data 
bus). This will contain both the input and output 
data. The processor must be programmed to recognize 
and interpret only those bits which are important to 
the particular peripheral operation being performed. 


Since the processor always reads the Peripheral A I/O 
port pins instead of the actual Peripheral Output Reg- 
ister (ORA), it is possible for the data read into the 
processor to differ from the contents of the Peripheral 
Output Register for an output line. This is true when, 
the I/O pin is not allowed to go to a full +2.4V DC 
when the Peripheral Output register contains a logic 1. 
In this case, the processor will read a O from the 
Peripheral A pin, even though the corresponding bit 
in the Peripheral Output register is a 1. 


Reading the Peripheral B I/O Port 


Reading the Peripheral B I/O port yields a combina- 
tion of input and output data in a manner similar to 
the Peripheral A port. However, data is read directly 
from the Peripheral B Output Register (ORB) for 


Register Selected 
Peripheral Interface A 
Data Direction Register A 
Control Register A 
Peripheral Interface B 
Data Direction Register B 


Control Register B 


in 


those lines programmed to act as outputs. It is there- 
fore possible to load down the Peripheral B Output 
lines without causing incorrect data to be transferred 
back into the processor on a Read operation. 


Interrupt Request Lines (IROA, IROB) 


The active low Interrupt Request lines {ROA and 
IRQB) act to interrupt the microprocessor either di- 
rectly or through external interrupt priority circuitry. 
These lines are ”'open drain’’ and are capable of sink- 
ing 1.6 milliamps from an external source. This per- 
mits all interrupt request lines to be tied together in a 
*wired-OR’ configuration. The "A and "'B‘ in the 
titles of these lines correspond to the ”A” peripheral 
port and the “B’ peripheral port. Hence each inter- 
rupt request line services one peripheral data port. 


Each Interrupt Request line has two interrupt flag 
bits which can cause the Interrupt Request line to go 
low. These flags are bits 6 and 7 in the two Control 
Registers. These flags act as the link between the 
peripheral interrupt signals and the microprocessor 
interrupt inputs. Each flag has a corresponding inter- 
rupt disable bit which allows the processor to enable 
or disable the interrupt from each of the four inter- 
rupt inputs (CA1, CA2, CB1, CB2). 


The four interrupt flags are set by active transitions 
of the signal on the interrupt input (CA1, CA2, CB1, 
CB2}. 


Control of IRQA 


Control Register A bit 7 is always set by an active 
transition of the CA1 interrupt input signal. Interrupt- 
ing from this flag can be disabled by setting bit O in 
the Control Register A (CRAJ} to a logic 0. Likewise, 
Control Register A bit 6 can be set by an active tran- 
sition of the CA2 interrupt input signal. Interrupting 
from this flag can be disabled by setting bit 3 in the 
Control Register to a logic 0. 


Both bit 6 and bit 7 in CRA are reset by a "Read 
Peripheral Output Register A’ operation. This is de- 
fined as an operation in which the proper chip-select 
and register-select signals are provided to allow the 
processor to read the Peripheral A I/O port. 


Control of IRQOB 


Control of IROB is performed in exact!y the same 
manner as that described above for IRQA. Bit 7 in 
CRB is set by an active transition on CB1; interrupt- 
ing from this flag is controlled by CRB bit O. Like- 
wise, bit 6 in CRB is set by an active transition on 
CB2; interrupting from this flag is controlled by CRB 
bit 3. 


Also, both bit 6 and bit 7 are reset by a “Read Periph- 
eral B Output Register’ operation. 
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SUMMARY: 


IROA goes low when CRA-7= 1 and CRA-0O=1 or 
when CRA-6= 1 and CRA-3= 1 


IROB goes low when CRB-7 = 1 and CRB-O= 1 or 
when CRB-6 = 1 and CRB-3 = 1 


It should be stressed at this point that the flags act as 
the link between the peripheral interrupt signals and 
the processor interrupt inputs. The interrupt disable 
bits allow the processor to control the interrupt func- 
tion. 


Interface Between SY6520 and Peripheral Devices 


The SY6520 provides two $-bit bi-directional ports 
and 4 interrupt/controi lines for interfacing to periph- 
eral devices. These ports and the associated interrupt/ 
control lines are referred to as the ‘A’ side and the 
“B’' side. Each side has its own unique characteristics 
and will therefore be discussed separately below. 


Peripheral I/O Ports 


The Peripheral A and Peripheral B I/O ports allow the 
microprocessor to interface to the input lines on the 
peripheral device by loading data into the Peripheral 
Output Register. They also allow the processor to 
interface with the peripheral device output lines by 
reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal regis- 
ters of the processor. 


Peripheral A 1/O Port (PAO-PA7) 


Each of the Peripheral 1/O lines can be programmed 
to act as an input or an output. This is accomplished 
by setting a “1” in the corresponding bit in the Data 
Direction Register for those lines which are to act as 
outputs. A 0" ina bit of the Data Direction Register 
causes the corresponding Peripheral I/O lines to act 
as an input. 


The buffers which drive the Peripheral A I/O lines 
contain “passive” pull-ups as shown in Figure 6. These 
pull-up devices are resistive in nature and therefore 
allow the output voltage to go to Vcc for a logic 1. 
The switches can sink a full 1.6mA, making these 
buffers capable of driving one standard TTL load. 


In the input mode, the pull-up devices shown in Fig 
ure 6 are still connected to the I/O pin and still supply 
current to this pin. For this reason, these lines rep- 
resent one standard TTL load in the input mode. 


Peripheral B I/O Port (PBO-PB7) 


The Peripheral B I/O port duplicates many of the 
functions of the Peripheral A port. The process of 
programming these lines to act as an input or an out- 
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put has been discussed previously. Likewise, the effect 
of reading or writing this port has been discussed. 
However, there are several characteristics of the buff- 
ers driving these lines which affect their use in periph- 
eral interfacing. 


The Peripheral B I/O port buffers are push-pull de 
vices as shown in Figure 7. The pull-up devices are 
switched OFF’ in the '0” state and ”ON” for a 
logie 1. Since these pull-ups are active devices, the 
logie ‘1 voltage is not guaranteed to go higher than 
+2.4V. They are TTL compatible but are not CMOS 
compatible. 


However, the active pull-up devices can source up to 


PASSIVE 
PULL-UP 
RESISTOR 


FROM CHIP »——|ı 


SY6520 


OUTPUT MODE 


Figure 6. Port A Buffer Circult (PAg-PA7) 


OUTPUT 


FROM CHIP ——| 


$Y6520 


OUTPUT MODE 


Figure 7. Port B Buffer Circuit (P8g-PB7) 
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1mA at 1.5V. This current drive capabllity is pro- 
vided to allow direct connection to Darlington tran- 
sistor switches. This allows very simple control of 
relays, lamps, etc. 


Because these outputs are designed to drive tran- 
sistors directly, the output data is read directiy from 
the Peripheral Output Register for those lines pro- 
grammed to act as inputs. 


The final characteristic which is a function of the 
Peripheral B push-pull buffers is the high-impedance 
input state. When the Peripheral B I/O lines are pro- 
grammed to act as inputs, the output buffer enters 
the high impedance state. 


TO CHIP 


INPUT MODE 
RESISTOR PULL-UP REMAINS IN CIRCUIT 


TO CHIP 


INPUT MODE 
- NO PULL-UP IN CHIP 


in 


Interrupt Input/Peripheral Control Lines (CA1, CA2, 
CB1, CB2) 


The four interrupt input/peripheral control lines pro- 
vide a number of special peripheral control functions. 
These lines greatly enhance the power of the two gen- 


eral purpose interface ports (PAO-PA7, PBO-PB?). 


Figure 8 summarizes the operation of these control 
lines. 


Peripheral A Interrupt Input/Peripheral Control Lines 
{CA1, CA2) 


CA1 is an interrupt input only. An active transition 
of the signal on this input will set bit 7 of the Control 
Register A to a logic 1. The active transition can be 
programmed by setting a “0° in bit 1 of the CRA if 
the interrupt flag (bit 7 ofCRA) is to be set on a nega- 
tive transition of the CA1 signal or a 1” if itisto be 
set on a positive transition. 


NOTE: A negative transition is defined as a transition 
from a high to a low, and a positive transition is de- 
fined as a transition from a low to a high voltage. 


Setting the interrupt flag will interrupt the processor 
through IROA if bit O of CRA is a 1 as described 
previously. 


CA2 can act as a totally independent interrupt input 
or as a peripheral control output. As an input (CRA, 
bit 5=0) it acts to set the interrupt flag, bit 6 of CRA, 
to a logic 1 on the active transition selected by bit 4 
of CRA. 


These control register bits and interrupt inputs serve 
the same basic function as that described above for 
CA1. The input signal sets the interrupt flag which 
serves as the link between the peripheral device and 
the processor interrupt structure. The interrupt dis- 
able bit allows the processor to exercise control over 
the system interrupts. 
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In the Output mode (CRA, bit 5 = 1), CA2 can oper- 
ate independently to generate a simple pulse each 
time the microprocessor reads the data on the Peri- 
pheral A I/O port. This mode is selected by setting 
CRA, bit 4 to a “0° and CRA, bit 3 to a 1”. This 
pulse output can be used to control the counters, 
shift registers, etc. which make sequential data avail- 
able on the Peripheral input lines. 


A second output mode allows CA2 to be used in con- 
junction with CA1 to ""handshake’ between the pro- 
cessor and the peripheral device. On the A side, this 
technique allows positive control of data transfers 
from the peripheral device into the microprocessor. 
The CA1 input signals the processor that data is avail- 
able by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral 
device that it can make new data available, 


The final output mode can be selected by setting bit 4 
of CRA to a 1. In this mode, CA2 is a simple peri- 
pheral control output which can be set high or low by 
setting bit 3ofCRAtoa 1 or a0 respectively. 


Peripheral B Interrupt Input/Peripheral Control Lines 
(CB1, CB2) 


CB1 operates as an interrupt input only in the same 
manner as CA1. Bit 7 of CRB is set by the active 
transition selected by bitO of CRB. Likewise, the CB2 


input mode operates exactly the same as the CA2 
input modes. The CB2 output modes, CRBbit5 = 1, 
differ somewhat from those of CA2. The pulse out- 
put occurs when the processor writes data into the 
Peripheral B Output Register. Also, the ""handshaking”’ 
operates on data transfers from the processor into the 
peripheral device. 
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CAT/CB1 CONTROL 


IROQA (IRQB} Interrupt Outputs 
Disable — remain high 


Enable — goes low when bit 7 in CRA (CRB) is set by active 
transition of signal on CA1 (CB) 


Disable — remain high 


‚Enable — as explained above 


*Note: Bit 7 of CAA (CAB) will be set to a logic 1 by an active transition of the CA1 (CB1) signal, This is independent of the 
state of Bit O in CRA (CRB). 


CA2/CB2 INPUT MODES 


IRQA (1ROB) Interrupt Outputs 


Disable — remains high 


Enable — goes low when bit 6 in CRA (CRB) is set by active 
transition of signal on CA2 (CB2) 


Disable — remains high 


Enable — as explained above 


*Note: Bit 6 of CAA (CRB) will be set to a logie 1 by an active transition of the CA2 (CB2) signal, This is independent of the 
state of Bit 3 in CAA (CRB). 


CA2 OUTPUT MODES 


Description 


"Handshake’’ 
on Read 


[Bits | Ba 
En 
EN 
BREESEN EEE 


CA2 is set high on an active transition of the CA interrupt 
input signal and set low by a microprocessor ''Read A Data” 
operation. This allows positive control of data transfers from 
the peripheral device to the microprocessor. 


CA2 goes low for one cycle after a “Read A Data‘ operation. 
This pulse can be used to signal the peripheral device that 
data was taken. 


CA2 set low 
CA2 set high 


Manual Output 
Manual Output 


CB2 OUTPUT MODES 


Description 


“Handshake’’ 
on Write 


Pulse Output 


Manual Output 


and is set high by an active transition of the CB1 interrupt 
input signal. This allows positive control of data transfers 
from the microprocessor to the peripheral device. 


CB2 goes low for one cycle after a microprocessor "Write B 
Data’’ operation. This can be used to signal the peripheral 
device that data is available. 


CB2 set low 


| 
CB2 is set low on microprocessor ''Write B Data’’ operation 
| 
i 


Figure 8. Summary of Operation of Control Lines 
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PACKAGE OUTLINE 


DOT OR NOTCH ‚600 max. 115.87} .625 
TO LOCATE (15.24 mm) (15.10 er 
PIN NO. 1 


.155 max. 
2.020 max. (3.93 mm) 


— 
(51.30 mm) 190 max 
(4.82 mm) 


Pa DER: DER 


.310 max. 
(7.87 mm) 


t 


.100 min. 
{2.54 mm) 


.010 mın. 
1.910 (48.51 mm) 1.25 mm) 
1.890 148.00 mm) 


19 EQUAL SPACES 
100 6 TOL. NONCUM. 
{2.54 mm) 


NOTE: Pin No. 1 15 ın lower left corner when 
symbolizatıon ıs ın normal orıentation 
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MICROPROCESSUR 
PRODUCTS 


Preliminary 
APRIL 1979 


Versatile 
Interface Adapter 
(VIA) 

Synertek 


INA IAATLO 


Two 8-Bit Bidirectional I/O Ports 

Two 16-Bit Programmable Timer/Counters 
Serial Data Port 

Single +5V Power Supply 

TTL Compatible 

CMOS Compatible Peripheral Controt Lines 


The SY6522 Versatile Interface Adapter (VIA) is a 
very flexible I/O control device. In addition, this de- 
vice contains a pair of very powerful 16-bit interval 
timers, a serial-to-parallel/parallel-to-serial shift re- 
gister and input data latching on the peripheral ports. 
Expanded handshaking capability allows control of 
bi-directional data transfers between VIA’s in multiple 
processor systems. 


Control of peripheral devices is handled primarily 
through two B-bit bi-directional ports. Each line can 


INTERRUPT 
CONTROL 


DATA 
BUS 
BUFFERS 


AUXILIARY 
tACRI 


FUNCTION 
CONTROL 


LATCH 
TH) 


COUNTER 
ITICH Ic) 


TIMER 1 


TIMER 2 


LATCH 
T2L-L} 


COUNTER | COUNTER 


tT2C-H) mc 


COUNTER 


Expanded "'Handshake” Capability Allows Positive 
Control of Data Transfers Between Processor and 
Peripheral Devices 

© Latched Output and Input Registers 

® 1 MHz and 2 MHz Operation 


be programmed as either an input or an output. Several 
peripheral I/O lines can be controlled directly from 
the interval timers for generating programmable fre- 
quency square waves or for counting externally gen- 
erated pulses. To facilitate control ofthe many power- 
ful features of this chip, an interrupt flag register, an 
interrupt enable register and a pair of function con- 
trol registers are provided. 


INPUT LATCH 


DATA DIR, 
(DDRA) 


PORT A REGISTERS 


HANDSHAKE 
CONTROL 


SHIFT REG. 
(SR) 


PORT B REGISTERS 


INPUT LATCH 


FF 
3 ee KK ) PORTB 


DATA DIR. 
{DDRBI 


Figure 1. SY6522 Block Diagram 
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ABSOLUTE MAXIMUM RATINGS 
R This device contains circuitry to protect the inputs 
[Ratins [symbol] Value Junit | against damage due to high static voltages. However, 
Supply Voltage -0.3 10 +7.0 it is advised that normal precautions be taken to 
Input Voltage -0.3 t0 +7.0 avoid application of any voltage higher than maxi- 
Operating Temperature mum rated voltages. 
Range Oto +70 
Storage Temperature 
Range -55 to +150 


Symbol 
Input High Voltage (all except #2) 


Ku 
Von | scrHinvonn 
Ku 


VıH 
VcH 
VL 
re 
VoH 
VoL 


Input Leakage Current - Vin =0t05 Vde 
RW, RES, RSO, RS1, RS2, AS3, CS1, CS2, 
CA1,®2 
Irsı Off-state Input Current — Vın = .4 10. 2.4V 
Vcc = Max, DOto D7 


Input High Current — Vin = 2.4V 
PAO-PAT, CA2, PBO-PB7, CB1, CB2 


Input Low Current — ViL = 0.4 Vde 
PAO-PAT, CA2, PBO-PB7, CB1,CB2 


Output High Voltage 
Vcc = min, Ioad = -100 uAdc 


PAO-PA7, CA2, PBO-PB7, CB1, CB2 


Output Low Voltage V 
Vec = min, Ijoad = 1.6 mAdc 
Output High Current (Sourcing) 
Von = 2.4V pA 
Von = 1.5V (PBO-PB7) mA 
loL Output Low Current (Sinking} mA 
VoL = 0.4 Vdc 
Output Leakage Current (Off state) pA 
IRQ 
Cın 


Input Capacitance — Ta = 25°C, f=1 MHz 
{R/W, RES, RSO, RS1, RS2, RS3, CS1, C52, 70 
DO-D7, PAO-PA7, CA1, CA2, PBO-PB7) 
{CB1, CB2) 10 
(®2 Input) 20 
= | u | or | 


Output Capacitance — Ta = 25°C, f= 1 MHz 


Po | Power Disspien  —— I - | mo | mw | 
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Figure 2. Test Load (for all Dynamic Parameters) 
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Figure 3. Read Timing Characteristics 


READ TIMING CHARACTERISTICS (FIGURE 3) 


Tey Cycte Time 1 
Tacr Address Set-Up Time 180 


Data Bus Hold Time 


NOTE: tr, tf = 10 t0 IOns. 
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Chharacteristic 


Rise and Fall Time for CA1, CB1, CA2, and CB2 
Input Signa!s 


Delay Time, Clock Negative Transition to CA2 Negative 
Transition (read handshake or pulse mode) 


Delay Time, Clock Negative Transition to CA2 Positive 
Transition (pulse mode) 


Delay Time, CA1 Active Transition to CA2 Positive 
Transition (handshake mode) 


Delay Time, Peripheral Data Valid to CB2 Negative 
Transition 


Delay Time, Clock Positive Transition to CA2 or CB2 
Positive Transition (pulse mode) 


Delay Time, CA1 or CB1 Active Transition to CA2 or 
CB2 Positive Transition (handshake mode) 


Set-up Time, Peripheral Data Valid to CA1 or CB1 
Active Transition (input latching) 


Shift-Out Delay Time — Time from $2 Falling Edge 
to CB2 Data Out 


Tsraa Shift-In Setup Time — Time from CB2 Data In to 
#2 Rising Edge 


Tıpw Pulse Width — PB6 Input Pulse 
Tiew Pulse Width — CB1 Input Clock 


lıps Pulse Spacing — PB6 Input Pulse 


lıcs Pulse Spacing — CB1 Input Pulse 
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Figure 5b. CA2 Timing for Read Handshake, Handshake Mode 
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Figure Sc. CA2, CB2 Timing for Write Handshake, Pulse Mode 
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cB2 
SHIFT DATA 
UNPUT) 


cB1 

SHIFT CLOCK 
UNPUT OR 
OUTPUT} 


SETUP TIME MEASURED TO THE FIRST 02 
RISING EDGE AFTER CB1 RISING EDGE. 


Figure Sg. Timing for Shift In with Internal or External Shift Clocking 


B 
Hi 
INP! 


cB1 
SHIFT CLOCK 
UT 


Figure 5h. External Shift Clock Timing 


PB6 
PULSE COUNT 
INPUT 


Figure 5i,. Pulse Count Input Timing 
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PIN DESCRIPTIONS 
RES (Reset) 


The reset input clears all internal registers to logic O 
(except T1 and T2 latches and counters and the Shift 
Register). This places all peripherat interface lines in 
the input state, disables the timers, shift register, etc. 
and disables interrupting from the chip. 


92 (Input Clock) 
The input clock is the system #2 clock and is used to 
trigger all data transfers between the system processor 
and the SY6522. 


RN (Read/Write) 

The direction of the data transfers between the 
SY6522 and the system processor iscontrolled by the 
RW line. If R/W is low, data will be transferred out 
of the processor into the selected SY6522 register 
(write operation). If R/W ishigh and the chip is select- 
ed, data will be transferred out of the SY6522 (read 
operation), 


SY6522/5Y6522A 


DB0-DB7 (Data Bus} 

The eight bi-directional data bus lines are used to 
transfer data between the SY6522 and the system 
processor. During read cycles, the contents of the sel- 
ected SY6522 register are placed on the data bus lines 
and transferred into the processor. During write 
cycles, these lines are high-impedance inputs and data 
is transferred from the processor into the selected re- 
gister. When the SY6522 is unselected, the data bus 
lines are high-impedance. 


c$1, C52 (Chip Selects) 

The two chip select inputs are normally connected to 
processor address lines either directly or through de- 
coding. The selected SY6522 register will be accessed 
when CS1 is high and CS2 is low. 


RSO-RS3 (Register Splects) 

The four Register Select inputs permit the system pro- 
cessor to select one of the 16 internal registers of the 
SY6522, as shown in Figure 6. 


Register Description 
ORB/IRB Qutput Register ''B’’ 
ORA/IRA 


Read 


Qutput Register "A’ 


Data Direction Register "A" 


TIC-L 


T1 Low-Order Latches T1 Low-Order Counter 


TIC-H T1 High-Order Counter 


TIL-H 


TIL-L T1 Low-Order Latches 
T1 High-Order Latches 


T2C-L 


T2 Low-Order Latches 
T2 High-Order Counter 


Shift Register 


T2 Low-Order Counter 


Auxiliary Control Register 


Peripheral Control Register 
Interrupt Flag Register 


3 Tonamma] 


Interrupt Enable Register 


Same as Reg 1 Except No "'Handshake’‘ 


Figure 6. $Y6522 Internal Register Summary 
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IRQ (Interrupt Request) 

The Interrupt Request output goes low whenever an 
internal interrupt flag is set and the corresponding in- 
terrupt enable bit is a logie 1. This output is “open- 
drain” to allow the interrupt request signal to be 
“wire-or’ed’’ with other equivalent signals in the 
systern, 


PAO-PA7 (Peripheral A Port) 

The Peripheral A port consists of 8 lines which can 
be individually programmed to act as inputs or out- 
puts under control of a Data Direction Register. The 
polarity of output pins is controlled by an Output 
Register and input data may be latched into an in- 
ternal register under control of the CA1 line. All of 
these modes of operation are controlled by the sys- 
tem processor through the internal control registers. 
These lines represent one standard TTL load in the 
input mode and will drive one standard TTL load in 
the output mode. Figure 7 illustrates the output 
circuit. 


CA1, CA2 (Peripheral A Control Lines) 

The two Peripheral A control lines act as interrupt in- 
puts or as handshake outputs. Each line controls an 
internal interrupt flag with a corresponding interrupt 
enable bit. In addition, CA1 controls the latching of 
data on Peripheral A port input lines. CA1 is a high- 
impedance input only while CA2 represents one stan- 
dard TTL load’ in the input mode. CA2 will drive one 
standard TTL load in the output mode. 


PAO-Pa7, 
caA2 


NO CONTROL 


OUTPUT DATA 


INPUT DATA 


Fiqure 7. Peripheral A Port Output Circuit 


PBO-PB7 (Peripheral B Port) 

The Peripheral B port consists of eight bi-directional 
lines which are controlled by an output register and a 
data direction register inmuch the same manner as the 
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PA port. In addition, the polarity of the PB7 output 
signal can be controlled by one of the interval timers 
while the second timer can be programmed to count 
pulses on the PB6Ppin. Peripheral B lines represent one 
standard TTL load in the input mode and will drive 
one standard TTL load in the output mode. In addi- 
tion, they are capable of sourcing 1.0mA at 1.5VDC 
in the output mode to allow the outputs to directly 
drive Darlington transistor circuits. Figure 8 is the 
circuit schematic. 


CB1, CB2 (Peripheral B Control Lines) 


The Peripheral B control lines act as interrupt inputs 
or ashandshake outputs. As with CA1 and CA2, each 
line controls an interrupt flag with a corresponding in- 
terrupt enable bit. In addition, these lines act as a 
serial port under control of the Shift Register. These 
lines represent one standard TTL load in the input 
mode and will drive one standard TTL load in the 
output mode. Unlike PBO-PB7, CB1 and CB2 cannot 
drive Darlington transistor circuits. 


INPUT/ 
OUTPUT 
CONTROL 


P80-PB7, 
cB1.C82 


OUTPUT 
DATA 


INPUT DATA 


Figure 8. Peripheral B Port Output Circuit 


FUNCTIONAL DESCRIPTION 


Port A and Port B Operation 

Each B-bit peripheral port has a Data Direction Reg- 
ister (DDRA, DDRB) for specifying whether the peri- 
pheral pins are to act as inputs or outputs. AQ in a 
bit of the Data Direction Register causes the corres- 
ponding peripheral pin to act as an input. A 1 causes 
the pin to act as an output. 


Each peripheral pin is also controlled by a bit in the 
Output Register (ORA, ORB) and an Input Register 
(IRA, IRB). When the pin is programmed as an out- 
put, the voltage on the pin is controlled by the cor- 
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responding bit of the Output Register. A 1 in the Out- 
put Register causes the output to go high, and a "0" 
causes the output to go low. Data may be written into 
Output Register bits corresponding to pins which are 
programmed as inputs. In this case, however, the out- 
put signal is unaffected. 


Reading a peripheral port causes the contents of the 
Input Register (IRA, IRB) to be transferred onto the 
Data Bus. With input latching disabled, IRA willalways 
reflect the levels on the PA pins. With input latching 
enabled, IRA will reflect the levels on the PA pins at 
the time the latching occurred (via CA1). 


The IRB register operates similar to the IRA register. 
However, for pins programmed as outputs there is a 
difference. When reading IRA, the level on the pin 
determines whether a0 ora 1 is sensed. When reading 
IRB, however, the bit stored in the output register, 
ORB, is the bit sensed. Thus, for outputs which have 
large loading effects and which pull an output “1” 
down or which pull an output '’0” up, reading IRA 
may result in reading a ’’0'' when a “1’' was actually 
programmed, and reading a “1 when a ''0’’ was pro- 
grammed. Reading IRB, on the other hand, will read 
the ''1" or ’’0” level actually programmed, no matter 
what the loading on the pin. 


Figures 9,10, and 11 illustrate the formats of the port 
registers. In addition, the input latching modes are 
selected by the Auxiliary Control Register (Figure 
16.) 


Handshake Control _of Data Transfers 


The SY6522 allows positive control of data transfers 
between the system processor and peripheral devices 


REG 0 - ORB/IRB 


OUTPUT REGISTER "8" {ORB) 
or 
INPUT REGISTER "@' (ORB) 


MPU readı output reginter bit 


toRBı in OAB. Pın tevel has no alfect. 
DOAB » "0" INPUT) MPU weiter ınto ORB, but [MPU readı input kevel on PB 
input Jatchıng dıaabled} | no eflecı on pın level, until pin. 

DDRB changed 


DOAB » "0" INPUT) MPU readı (AB bit, which iı 

Maput hatchıng enable) the level ol Ihe PB pin mt 
time of the last CB1 actime 
transınon, 


Figure 9. Output Register B (ORB), 
Input Register B (IRB) 


715 


SY6522/SY6522A 


REG 1 - ORA/IRA 


OUTPUT REGISTER "A" (ORA) 
on 
INPUT REGISTER "A" (IRA) 


Pin 
Data Direcion 
Selection 
DDRA « “1” (OUTPUT) 
Input latchıng disabled} 
ODRA » "1" (OUTPUT) 
Unput Jatchıng enabled) 


MPU writes Output Level | MPU rasdı level on PA pın. 


(ORAI. 

MPU resdı IAA bit wich ı6 
the Invel of ıha PA pin at Ihe 
time of the la CA1 acıma 
ransnion, 

IA, but [MPU readı level on PA pin. 
N, 


ODRA « "0” INPUT) 
{input Inichıng d-abird) 


MPU weites 


DDRA = "0" INPUT) 
Mlaput latchıng enabled) 


MPU resdı IAA bit which is 
the level of the PA pın at Ihe 
time ol ıhe lart CA1 actıve 
Arannıtıon, 


Figure 10. Output Register A (ORA), 
Input Register A (IRA) 


REG 2 (DDAB) AND REG 3 (DDRA) 


BOGGEEBaO 


PBO/PAO 
PBTPAI 
PB2/PA2 


PB3PAI| oaTa DIRECTION REGISTER 
PBamaa| 8” OR “A” (DDAB/ODRA) 

PBS/PAS 
PBSIPAG 
parraz 


” ASSOCIATED PB/PA PIN IS AN INPUT 
{HIGH -IMPEDANCE) 

" ASSOCIATED PB/PA PIN IS AN OUTPUT, 
WHOSE LEVEL IS DETERMINED BY 
ORB/ORA REGISTER BIT 


Figure 11. Data Direction Registers (DDRB, DDRA) 


through the operation of “handshake” lines, Port A 
lines (CA1, CA2) handshake data on both a read and 
a write operation while the Port B lines (CB1, CB2) 
handshake on a write operation only. 


Read Handshake 


Positive control of data transfers from peripheral de 
vices into the system processor can be accomplished 
very effectively using Read Handshaking. In this case, 
the peripheral device must generate the equivalent of 
a “Data Ready’ signal to the processor signifying that 
valid data is present on the peripheral port. This signal 
normally interrupts the processor, which then reads 
the data, causing generation of a “Data Taken’’ signal. 
The peripheral device responds by making new data 
available. This process continues until the data trans- 
fer is complete. 


in 
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DATA READY 
cat 


TRO OUTPUT 


READ IRA OPERATION 


"DATA TAKEN” 
HANDSHAKE MODE 
car 


"DATA TAKEN” 
PULSE MODE | | 
(cA2ı 


Figure 12. Read Handshake Timing (Port A, Only) 


WRITE ORA.ORAB 
OPERATION 


"DATA READY" 
HANDSHAKE MODE 
(CA2, CBQı 


"DATA READY" 
PULSE MODE 


(CA2.CB2) 
"DATA TAKEN 
ICA1,CBN | 
IRQ OUTPUT l f 


Figure 13. Write Handshake Timing 


In the SY6522, automatic ’'Read’’ Handshaking is 
possible on the Peripheral A port only. The CA1 in- 
terrupt input pin accepts the "Data Ready’ signal 
and CA2 generates the “Data Taken’ signal. The 
“Data Ready’ signal will set an internal flag which 
may interrupt the processor or which may be polled 
under program control. The ’'Data Taken’ signal can 
either be a pulse or a level which is set low by the sys- 
tem processor and is cleared by the "Data Ready’ 
signal. These options are shown in Figure 12 which 
iltustrates the normal Read Handshaking sequence. 


Write Handshake 


The sequence of operations which allows handshaking 
data from the system processor to a peripheral device 


is very similar to that described for Read Handshaking. 


However, for Write Handshaking, the SY6522 gener- 
ates the ‘Data Ready’’ signal and the peripheral de- 
vice must respond with the "Data Taken’ signal. This 
can be accomplished on both the PA port and the 
PB port on the SY6522. CA2 or CB2 act as a "Data 
Ready‘’ output in either the handshake mode or pulse 
mode and CA1 or CB1 accept the ’'Data Taken’ sig 
nal from the peripheral device, setting the interrupt 
flag and cleaning the ‘Data Ready‘ output. This 
sequence is shown in Figure 13. 


Selection of operating modes for CA1, CA2, CB1, 
and CB2 is accomplished by the Peripheral Control 
Register (Figure 14). 


Timer Operation 


Interval Timer T1 consists of two 8-bit latches and a 
16-bit counter. The latches are used to store data 
which is to be loaded into the counter. After loading, 
the counter decrements at 2 clock rate. Upon reach- 
ing zero, an interrupt flag will be set, and TAU wilt go 
low if the interrupt is enabled. The timer will then 
disable any further interrupts, or will automatically 
transfer the contents of the latches into the counter 
and will continue to decrement. In addition, the timer 
may be programmed to invert the output signal on a 
peripheral pin each time it “times-out”. Each of 
these modes is discussed separately below. 


The T1 counter is depicted in Figure 15 and the 
latches in Figure 16. 


REG 12 —- PERIPHEAAL CONTROL REGISTER 


CB? CONTROL ER zn ag CAT INTERRUPT CONTROL 


[7[e[sJorerarıon 0 = NEGATIVE ACTIVE EDGE 
[010 |o]ınPUT NEGATIVE ACTIVE EOGE 1 = POSITIVE ACTIVE EDGE 
INDEPENDENT INTERRUPT 
1°] INPUT.NEG EDGE CA2 CONTROL 
[INPUT.NEGATIVE ACTIVE EDGE] 


[0] 1 [o Jıneur posıTıvE acTıve EDGE 

Pi") INDEPENDENT INTEAAUPT 
INPUT-POS EDGE 

I1loJo|Hanosnare oumur | 


[1 lo ı JeuLse OUTPUT 
[1jofıowourur — 0 | INDEPENDENT INTERRUPT 
[li fılmcnoureur {NPUT-POS EOGE 
Ca1 INTERAUPT CONTROL HANOSHAKE QUTFUT 
rn PULSE OUTPUT 


G- NEGATIVE ACTIVE EDGE [on outeum | 
1 + POSITIVE ACTIVE EDGE [ron oureur | 


Figure 14. CA1, CA2, CB1, CB2 Control 
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ating modes. The four possible modes are depicted 
in Figure 17. 


Two bits are provided in the Auxiliary Control Reg 
ister (bits 6 and 7) to allow selection of the T1 oper- 


REG 4 — TIMER 1 LOW-ORDER COUNTER 


WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES. LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH- 
ORDER COUNTER IS LOADED {AEG 5). 
8 BITS FROM T1 LOW-ORDER COUNTER 
TRANSFEARED TO MPU. IN ADDITION. 


REG 5 — TIMER 1 HIGH-ORDER COUNTER 


BEBRBERE 


0192 
16384} 
32768] 


WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES. ALSO, AT THIS TIME BOTH 
HIGH AND LOW-ORDER LATCHES 
TRANSFERRED INTO T} COUNTER. 
TI INTERRUPT FLAG ALSO IS RESET. 


READ — 8 BITS FROM TI HIGH-OADEA COUNTER 
TRANSFEARED TO MPU. 


TI INTERAUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER]. 


Figure 15. T1 Counter Registers 


REG 6 — TIMER 1 LOW-ORDER LATCHES 


REG 7 - TIMER 1 HIGH-ORDER LATCHES 


BORNBERE 
Er: 


129 32768] 

WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES. THIS OPERATION IS NO 
DIFFERENT THAT A WRITE INTO 
REGA. 
8 BITS FROM T1 LOW-OADER LATCHES 
TAANSFERRED TO MPU. UNLIKE REG 4 
OPERATION, THIS DOES NOT CAUSE 
RESET OF TI INTERRUPT FLAG. 


WRITE — 8 BITS LOADED INTO T1 HIGH-OADER 
LATCHES. UNLIKE REG 4 OPERATION 
NO LATCH-TOCOUNTER TRANSFERS 
TAKE PLACE. 


READ -— 8 BITS FROM T1 HIGH-ORDER LATCHES 
TRANSFEARED TO MPU. 


Figure 16. T1 Latch Registers 


REG 11 — AUXILIARY CONTROL REGISTER 


PA LATCH ENABLE/DISABLE 


PB 0 = DISABLE 
1 = ENABLE LATCHING 


[-[sTorenarıon 


TIMED INTERRUPT 

EACH TIME TI 1S 

LOADED DISABLED 
CONTINUOUS 

INTERRUPTS 

TIMED INTERRUPT | ONE SHOT 
EACH TIME T11$ OUTPUT 
LOADED 


T2 TIMER CONTROL 


[sl orerarıon 
[ 0| TIMED INTERRUPT 


COUNT DOWN WITH 
PULSES ON PB6 


$HIFT REGISTER CONTROL 


DEE ET 


DISABLED 
SHIFT IN UNDER CONTROL OF T2 


[ofıo[smrTinunDeR conraoL or | 
[oJı [1[sHırTInUNDER CONTROL. OF ExT.eLK || 
[1]6]0[skırToUT FREE-RUNNING ATTZ RATE | 
InofT[snırröurunpencontroLorT | 
Hi lılofshırrourunnenconTroLoro2 | 
Linn [sHırrourunDen conrRoL OF EXT.cıK.] 


Figure 17. Auxiliary Control Register 


Note: The processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is Ioaded auto- 
matically from the low order latch when the processor writes into the high order counter. In fact, it may not be necessary to 
write to the low order counter in some applications since the timing operation is triggered by writing to the high order counter. 
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» I ISIFIITIIIFILFSIFLPLIPIITITI 
WRITE TIC-H | | 

OPERATION J 1 

TRÖ OUTPUT 1 


PB? QUTPUT 1 j 


tele) Delete lee | 


NeNSCYCLES ERBEN 


Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing 


Timer 1 One-Shot Mode 


The interval timer one-shot mode allows generation series of eveniy spaced interrupts and the ability to 


of a single interrupt for each timer load operation. As produce a square wave on PB7 whose frequency is 

with any interval timer, the delay between the "write not affected by variations in the processor interrupt 

TIC-H’ operation and generation of the processor response time. This is accomplished in the “free- 

interrupt is a direct function of the data loaded into running” mode. 

the timing counter, In addition to generating a single 

interrupt, Timer 1 can be programmed to produce a In the free-running mode, the interrupt flag is set and 
| single negative pulse on the PB7 peripheral pin. With the signal on PB7 is inverted each time the counter 

the output enabled (ACR7=1} a “write TIC-H’” oper- reaches zero. However, instead of continuing to decre- 
' ation will cause PB7 to go low. PB7 will return high ment from zero after a time-out, the timer automati- 
| when Timer 1 times out. The result is a single pro- cally transfers the contents of the latch into the 
grammable width pulse. counter (16 bits) and continues to decrement from 


there. The interrupt flag can be cleared by writing 
TIC-H, by reading TIC-L, or by writing directly into 
the flag as described later, However, it is not neces- 
sary to rewrite the timer to enable setting the inter- 
rupt flag on the next time-out. 


In the one-shot mode, writing into the high order 
| latch has no effect on the operation of Timer 1. How- 
ever, it will be necessary to assure that the low order 
| latch contains the proper data before initiating the 
j count-down with a ”write T1C-H’ operation. When 
j the processor writes into the high order counter, the 


! T1 interrupt flag will be cleared, the contents of All interval timers in the SY6522 are “re-triggerable’”’. 
the low order latch will be transferred into the low Rewriting the counter will always re-initialize the 
order counter, and the timer will begin to decrement time-out period. In fact, the time-out can be prevent- 

at system clock rate. If the PB7 output is enabled, ed completely if the processor continues to rewrite 

| this signal will go low on the phase two following the the timer before it reaches zero. Timer 1 will operate 
| write operation. When the counter reaches zero, the in this manner if the processor writes into the high 

TI interrupt flag will be set, the IRQ pin will go low order counter {TIC-H). However, by loading the 

| {interrupt enabled), and the signal on PB7 will go latches only, the processor can access the timer dur- 
high. At this time the counter will continue to decre- ing each down-counting operation without affecting 

| ment at system clock rate. This allows the system the time-out in process. Instead, the data loaded into 
processor to read the contents of the counter to de- the latches will determine the length of the next time- 
| termine the time since interrupt. However, the T1 out period. This capability is particularly valuable in 

i interrupt flag cannot be set again unless it has been the free-running mode with the output enabled. In 

| cleared as described in this specification. this mode, the signal on PB7 is inverted and the in- 


terrupt flag is set with each time-out. By responding 
to the interrupts with new data for the latches, the 
processor can determine the period of the next half 
cycle during each half cycle of the output signal on 
PB7. In this manner, very complex waveforms can be 
The most important advantage associated with the generated. Timing for the free-running mode is shown 
latches in T1 is the ability to produce a continuous in Figure 19. 


Timing for the SY6522 interval timer one-shot modes 
is shown in Figure 18. 


Timer 1 Free-Run Mode 
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N+2CYCLES 


Note: A precaution to take in the use of PB? as the timer output concerns the Data Direction Register contents for PB7. Both 
DDRB bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer output. If one is 1 and the other is 0, then PB7 functions 


as a normal output pin, controlled by ORB bit 7. 


Figure 19. Timer 1 Free-Run Mode Timing 


Timer 2 Operation 


Timer 2 operates as an interval timer (in the "one- 
slot‘’ mode only), or as a counter for counting nega- 
tive pulses on the PB6 peripheral pin. A single con- 
trol bit is provided in the Auxiliary Control Register 
to select between these two modes. This timer is com- 
prised of a “write-only‘ low-order latch (T2L-L), a 
“read-oniy’’ Iow-order counter and a read/write high 
order counter. The counter registers act as a 16-bit 
counter which decrements at $2 rate. Figure 20 illus- 
trates the T2 Counter Registers. 


REG 8 - TIMER 2 LOW-ORDER COUNTER 


WRITE - BBITS LOADED INTO T2 LOW-ORDER 
LATCHES. 

8. BITS FAOM T2 LOW-ORDER COUNTER 
TRANSFERRED TO MPU. T2 INTEARUPT 
FLAG IS RESET 


READ - 


Timer 2 One-Shot Mode 


As an interval timer, T2 operates in the ’'one-shot’’ 
mode similar to Timer 1. In this mode, T2 provides a 
single interrupt for each “write T2C-H’’ operation. 
After timing out, the counter will continue to decre- 
ment. However, setting of the interrupt flag will be 
disabled after initial time-out so that it will not be set 
by the counter continuing to decrement through zero. 
The processor must rewrite T2C-H to enable setting 
of the interrupt flag. The interrupt flag is cleared by 
reading T2C-L or by writing T2C-H, Timing for this 
operation is shown in Figure 18. 


REG 9 — TIMER 2 HIGH-ORDER COUNTER 


WRITE - BBITS LOADED INTO T2 HIGH-ORDER 
COUNTER. ALSO, LOW-ORDER LATCHES 
TRANSFERRED TO LOW-ORDER 
COUNTER. IN ADDITION, T2 INTERRUPT 
FLAG IS RESET. 

8 BITS FROM T2 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU. 


Figure 20. T2 Counter Registers 
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Timer 2 Pulse Counting Mode 

In the pulse counting mode, T2 serves primarily to 
count a predetermined number of negative-going 
pulses on PB6. This is accomplished by first loading 
a number into T2. Writing into T2C-H clears the in- 
terrupt flagand allows the counter to decrement each 
time a pulse is applied to PB6. The interrupt flag will 
be set when T2 reaches zero. At this time the counter 
will continue to decrement with each pulse on PB6. 
However, it is necessary to rewrite T2C-H to allow 
the interrupt flagto set on subsequent down-counting 
operations. Timing for this mode is shown in Figure 
21. The pulse must be low on the leading edge of #2. 


Shift_Register Operation 

The Shift Register (SR) performs serial data transfers 
into and out of the CB2 pin under control of an in- 
ternal modulo-8 counter. Shift pulses can be applied 
to the CB1 pin from an external source or, with the 
proper mode selection, shift pulses generated inter- 
nally will appear on the CB1 pin for controlling ex- 
ternal devices, 


The control bits which select the various shift register 
operating modes are located in the Auxiliary Control 
Register. Figure 22 illustrates the configuration of the 
SR data bits and the SR control bits of the ACH. 


Figures 23 and 24 illustrate the operation of the vari- 
ous shift register modes. 


WRITE T2C-H 
OPERATION 


PBE INPUT 


IRA OUTPUT 


N | n 


Figure 21. Timer 2 Pulse Counting Mode 


REG 10 — SHIFT REGISTER 


FFEEEEIT 
Bes 


SHIFT 
REGISTER 
BITS 


NOTES: 

1. WHEN SHIFTING OUT. BIT 7 ISTHE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATED BACK 
INTO BIT O, 

2. WHEN SHIFTING IN, BITS INITIALLY ENTER 
BITOAND ARE SHIFTED TOWARDS BIT 7 
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Interrupt Operation 


Controlling interrupts within the SY6522 involves 
three principal operätions. These are flagging the in- 
terrupts, enabling interrupts and signaling to the pro- 
cessor that an active interrupt exists within the chip. 
Interrupt flags are set by interrupting conditions 
which exist within the chip or on inputs to the chip. 
These flags normally remain set until the interrupt 
has been serviced. To determine the source of an in- 
terrupt, the microprocessor must examine these flags 
in order from highest to lowest priority. This is ac- 
complished by reading the flag register into the pro- 
cessor accumulator, shifting this register either right 
or left and then using conditional branch instructions 
to detect an active interrupt. 


Associated with each interrupt flag is an interrupt 
enable bit. This can be set or cleared by the proces- 
sor to enable interrupting the processor from the cor- 
responding interrupt flag. If an interrupt flag is set to 
a logic 1 by an interrupting condition, and the corres- 
ponding interrupt enable bit is set to a 1, the Inter- 
rupt Request Output {RQ) will go low. IRG is an 
“open-collector’” output which can be ''wire-or’ed’’ 
with other devices in the system to interrüpt the 
processor. 


In the SY6522, all the interrupt flags are contained 
in one register, In addition, bit 7 of this register will 
be read as a logic 1 when an interrupt exists within 
the chip. This allows very convenient polling of sev- 
eral devices within a system to locate the source of 
an interrupt. 


n-2 „H 2 


REG 11 — AUXILIARY CONTROL REGISTER 


I 


MM REGISTER 


MODE CONTROL 


EI EI EI DET De 
[ololof Ha 
[ololı| sHırtinunoencontnoLor 2? O3 | 
[olılof suerwunoerncontro. or ss | 
o|ı lı] shirt in UNDER CONTROL OF EXTCLK 
| ı JoJo] sHırT OUT FREE-AUNNING AT T2 RATE 
| ılo|ı] shirt out 1.8 SER CONTROL OF T2 

@FT OUT UNDER CONTROL OF 47 


lıfo] 
Lin smirrourundenconraoı or enTeik | 


Figure 22. SR and ACR Control Bits 
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SA Disabled (000) 

The 000 mode is used to disable the Shift Register. In this mode the microprocessor can write or read the SA, but the 
shifting operation is disabled and operation of CB1 and CB2 is controlled by the appropriate bits in the Peripheral . 
Control Register (PCR). In this mode the SR Interrupt Flag is disabled (held to a logic 0). 


Shift in Under Control of T2 (001) 
In the 001 mode the shifting rate is controlled by the low order 8 bits of T2. Shift pulses are generated on the CB1 pin 


to control shifting in external devices. The time between transitions of this output clock is a function of the system 
clock period and the contents of the low order T2 latch (N). 


The shifting opera’ 'on is triggered by writing or reading the shift register. Data is shifted first into the low order bit 
of SR and is then shifted into the next higher order bit of the shift register on the negative-going edge of each clock 
pulse. The input data should change before the positive-going edge of the CB1 clock pulse. This data is shifted into 
the shift register during the 62 clock cycle following the positive-going edge of the CB1 clock pulse, After 8 CB1 
clock pulses, the shift register interrupt flag will be set and IRQ will 90 low. 


[73 


WRITE OR READ 
SHIFT REG. 


N+2CYCLES 


CB1 OUTPUT , 3 [} 
SHIFT CLOCK 


Emm EB a GER 00000 GER 1 INC 


Shift in Under Control of #2 (010) 

In mode 010 the shift rate is a direct function of the system clock frequency. CB1 becomes an output which 
generates shift pulses for controlling external devices. Timer 2 operates as an independent interval timer and has no 
effect on SR. The shifting operation is triggered by reading or writing the Shift Register. Data is shifted first into 

bit DO and is then shifted into the next higher order bit of the shift register on the trailing edge of each #2 clock pulse. 
After 8 clock pulses, the shift register interrupt flag will be set, and the output clock pulses on CB1 will stop. 


AEAD SR 
OPERATION 


CBI OUTPUT 
SHIFT CLOCK 


a ID III NZ 


Shift in Under Control of External CB1 Clock (011) 

In mode 011 CB1 becomes an input. This allows an external device to load the shift register at its own pace. The 
shift register counter will interrupt the processor each time 8 bits have been shifted in. However, the shift register 
counter does not stop the shifting operation; it acts simply as a pulse counter. Reading or writing the Shift 
Register resets the Interrupt flag and initializes the SR counter to count another 8 pulses. 


Note that the data is shifted during the first system clock cycle following the positive-going edge of the CB1 shift 
pulse. For this reason, data must be held stable during the first full cycle following CB1 going high. 


#2 


CB1 INPUT 1 2 3 [1 8 
SHIFT CLOCK 


Dann IK OK UK IQ U DK I 
| 


ie 


Figure 23. Shift Register Input Modes 
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Shift Out Free-Running at T2 Rate (100) 

Mode 100 is very similar to mode 101 in which the shifting rate is set by T2. However, in mode 100 the SR Counter 
does not stop the shifting operation. Since the Shift Register bit 7 (SR7) is recirculated back into bit O, the 8 bits 
loaded into the shift register will be clocked onto CB2 repetitively. In this mode the shift register counter is disabled. 


WRITE SR 
OPERATION 


N+2CYCLES N+2 CYCLES 


CB1 OUTPUT 1 2 3 
SHIFT CLOCH 


sro nn Ka KIT 


Shift Out Under Control of T2 (101) 
In mode 101 the shift rate is controlled by T2 (as in the previous mode). However, with each read or write of the shift 
register the SR Counter is reset and 8 bits are shifted onto CB2. At the same time, B shift pulses are generated on CB1 
to control shifting in external devices. After the B shift pulses, the shifting is disabled, the SR Interrupt Flag is set and 
CB2 remains at the last data level. 
% 
aa UIIIIIIIIIIIMIAMIINIIIAMI TUI UULTL 
| ö 
WAITESA 
OPERATION 
N+ZCYCLES N+2CYCLES 
1 


CBI OUTPUT 
SHIFT CLOCK 


ERFRAGEN HN GEHHHHE HERE GEHE EEE 
ıara 1 


Shift Out Under Control of 2 (110) 
In mode 110, the shift rate is controlled by the d2 system clock. 


®2 
CLOCK 


WRITE SR 
OPERATION 


CB1 OUTPUT 
SHIFT CLOCK 


se svroor IHREN X X 3) HMO 
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Shift Out Under Control of External CB1 Clock (111) 

In mode 111 shifting is controlled by pulses applied to the CB1 pin by an external device. The SR counter sets the SR 
Interrupt flag each time it counts 8 pulses but it does not disable the shifting function. Each time the microprocessor 
writes or reads the shift register, the SR Interrupt flag is reset and the SR counter is initialized to begin counting the 
next 8 shift pulses on pin CB1. After B shift pulses, the interrupt flag is set. The microprocessor can then load the 
shift register with the next byte of data. 


WRITE SR 
OPERATION 


FIT) SHE HEHE GEHE ER | 
Were een 


Figure 24. Shift Aegister Output Modes 
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The Interrupt Flag Register (IFR) and Interrupt En- 
able Register (ER) are depicted in Figures 25 and 
26, respectively. e 


The IFR may be read directly by the processor. In ad- 
dition, individual flag bits may be cleared by writing 
a ‘'1" into the appropriate bit of the IFR. When the 
proper chip select and register signals are applied to 
the chip, the contents of this register are placed on 
the data bus. Bit 7 indicates the status of the IRQ out- 
put. This bit corresponds to the logie function: IRQ = 
IFR6XIER6 +IFR5S x IER5S + IFRA x IERA + IFRI x 
IER3 + IFR2x IER2 + IFRI x IER1 + IFROx IERO. 
Note: X = logie AND, + = Logic OR. 

The IFR bit 7 is not a flag. Therefore, this bit is not 
directiy cleared by writing a logic 1 into it. It can 
only be cleared by clearing all the flags in the register 
or by disabling all the active interrupts as discussed 
in the next section. " 


REG 13 —- INTERRUPT FLAG REGISTER 


CLEARED BY 
ICA2 ACTIVE EDGE READ OR WRITE 
REG 1 (O0RA) 
CA1 ACTIVE EDGE READ OR WRITE 
AEG 1 (OAA} 
ICOMPLETE 4 SHIFTS | AEAD OA WRITE 
SHIFT REG 


ICB2 ACTIVE EDGE READ OR WAITE ORB 
Der acrive eoce 


TIME-OUT OF TZ READ T2 LOW OR 
WAITE T2 HIGH 
TIME-OUT OF TI READTILOWOR 
WRITE T1 HIGH 
ANY ENABLED CLEAR ALL 
INTERARYPT INTERRUPTS 


Figure 25. Interrupt Flag Register (IFR) 


CcAI 
SHIFT REG 


2B2 
cB1 


TIMER 2 


TIMER 1 
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For each interrupt flag in IFR, there is a correspond- 
ing bit in the Interrupt Enable Register. The system 
Processor can set or clear selected bits in this register 
to facilitate controlling individual interrupts without 
affecting others. This is accomplished by writing to 
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address 1110 (IER address). If bit 7 of the data placed 
on the system data bus during this write operation is 
80, each 1 in bits 6 through O clears the correspond- 
ing bit in the Interrupt Enable Register. For each zero 
in bits 6 through 0, the corresponding bit is un- 
affected. 


Setting selected bits in the Interrupt Enable Register 
is accomplished by writing to the same address with 
bit 7 in the data word set to a logic 1. In this case, 
each 1 in bits 6 through O will set the corresponding 
bit. For each zero, the corresponding bit will be un- 
affected. This individual control of the setting and 
clearing operations allows very convenient control of 
the interrupts during systern operation. 


In addition to setting and clearing JER bits, the pro- 
cessor can read the contents of this register by placing 
the proper address on the register select and chip 
select inputs with the R/W line high. Bit 7 will be 
read as a logic 0. 


REG 14 — INTERRUPT ENABLE REGISTER 


cA2 
cal 
SHIFT REG 
cB2 
cB1 


0 = INTERRUPT DISABLED 
1= INTERRUPT ENABLED 
TIMER 2 
TIMER 1 
SET/CLEAR 
NOTES: 
1. 1F BIT 7 ISA 0”, THEN EACH "1" IN BITSO - 8 DISABLES THE 


CORRESPONDING INTERAUPT. 

2. IF BIT 7ISA”1”, THEN EACH "1" IN BITSO-6 ENABLES THE 
CORRESPONDING INTERRUPT. 

3.1F A READ OF THIS REGISTER IS DONE, BIT 7 WILL BE "0" AND 
ALL OTHER BITSWILL AEFLECT THEIR ENABLE/DISABLE STATE. 


Figure 26. Interrupt Enable Register (IER) 
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PACKAGE OUTLINE 


m 


40 
. Eu e- 
115.24 mm) 
x 


| i DOT OR NOTCH 


Order Package 
Number Type 


SYP 6522 
SYP 6522A 


SYC 6522 


Plastic 
Plastic 


Ceramic 
Ceramic 
TOLOCATE 


21 
| t SYC 6522A 


PINNO T 155 max 


| (393 mm! 
u: 190 man 


14.82 mm] 


| 2020 max. _ 
151 30 mm} 


Lam 
_ 010 mın 


1.25 mm) 


[. 18) .022 
(45) 018 
1910 148.51 mm) 
1.890 148.00 mm) 
19 EQUAL SPACES 
100 6 TOL. NONCUM 
(2:54 mm} 


TYP. ı 


NOTE Pın No. 114 ın lower left corner when 
tymbolıratıon 11 In normal orentatıon 


SYNERTEK* INC. 724 


ORDERING INFORMATION 


Frequency 
Option 
ı MHz 
2 MHz 
1 MHz 
2 MH2 


SY6522/SY6522A 


PIN CONFIGURATION 


sY6522 


commodore 
mos technology 
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65C23 TRI-PORT INTERFACE {\ 
I \ 


CONCEPT... 


The 65023 TRI-PORT Interlace (TPI) is designed to simplity the implementati 
in microcomputer systems. It has three dedicated 8-bit I/O ports which provjde 


VO lines. 


FEATURES: 

m 24 individually programmable I/O lines 
» Completely static operation 

a Two TTL Drive Capability 

m 6 directly addressable registers 

a ] MHz operation 


ORDER NUMBER: 


MXS 65C23 


I 8 
ACKÄGE DESIGNATOR 


C=CERAMIC 
P = PLASTIC 


N 


=" PRA— Port Register A 
PRB — Porn Register B 
PRC — Port Register C 
DDRA — Data Direction Register A 
DDRB — Data Direction Register B 
DDRC — Data Direclion Register C 
| Mega States 
Illegal States 


"NOTE: AS2, RS1, RSO respectively 


MOS Tı ‚ine. 
950 Arenhouse Rd.. Norristown. PA 19403 commodore 
Tel. 215/666-7950 TWX 510/660-4186 sernicanductor group 


Frontier Manufecturing, Inc. 
2955 N. Aırway Ave. Costa Mesa.CA 92626 
Tel: 714/979-6300. TLX: 685649 


65C23 PIN CONFIGURATION 


enou2z2un. 


4 
3 
38 
37 
%» 
3 
4 
33 
32 
El 
% 
23 
2 
27 
26 
p-} 
24 
23 
2 
2 


Optoelectronics, Inc. 

4350 Beltwood Parkway un aan, TX 75234 
Tel 214/387-0006 TLX 7: 

Commodore Een = 

Shing Dao Industrial Building 

232 Aberdeen Main Rd. Hong Kong 

Tei. 5/540241, TLX: 78065366 
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65C23 INTERNAL ARCHITECTURE 


PERIPHERAL 
DATA 


BUFFERS 
PAO-PA7 


PERIPHERAL 
DATA 
B PB 
DATA BUFFERS 


DIRECTION PBO-PB7 
B 


CHIP 
ACCESS 
CONTROL 


PERIPHERAL 
DATA 
c PC 
DATA BUFFERS 
DIRECTION 
c 
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MAXIMUM RATINGS 


SUPPLY VOLTAGE -0.3t0 +70 


INPUT VOLTAGE -0.3t10 +70 
OPERATING TEMPERATURE RANGE 0t0 +70 


STORAGE TEMPERATURE RANGE -55 10 +150 


CHARACTERISTICS (Vcc = 5.0 V & 5%, Vss = OV, Ta = 


This device contains cIrcultry to protect 
Ihe Inputs agalnei damage dus to high 
static voltages, however, it Is advised that 
normal precautions be taken 10 avold 
application of any voltage higher Ihan 
maximum rated voltages to this circuit. 


0° to 70°C) 


Input High Voltage (Normal Operating Levels) 


Input Low Voltage (Normal Operating Levels) 


Input Leakage Current 
Vin = 005.0 Vde 
WRITE AST. CS. RS.AS, 


Three-State (Off State) Input Current 
Win = 0.4 t0 2.4 Vdc, Voc = man) 
00-07, PAO-PAT, PBO-PBT. PCO-PC7 


Output High Voltage 


(cc = min, Load = 200 „Adc) 


Output Low Voltage 


cc = min, Load = 3.2 mAdc) 


Output High Current (Sourcing) 
VoH = 2.4 Vdc) 


Outpul Low Current (Sinking) 
(oL = 0.4 Vde) 


Supply Current 


Input Capacitance 
Vin = OV, Ta = 25°C, 1= 1.0 MHz) 
D0-D7, PAO-PA7, PBO-PB7. PCO-PC7 
WRITE AST, RSGRS2, CS 


Output Capacitance 


Vin - 0, Ta = 25°C, 1 = 1.0MHz) 


Note: Negative elgn Indicales outward current fiow, poaltive Indicates Inward flow. 
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READ CYCLE 


READ CYCLE 


[| 
ULLI ________ m 
OH EEE, SCHERE \ 0 7; 


TIMING DIAGRAMS 


WRITE CYCLE 


WRITE CYCLE 


AS.AS, 


SU ILL L ILL 
ALTIIIIIITTTTT TITTEN 
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READ CYCLE 


u Urne 


Read Cycle Time 

Access time 

Chip Select to Output Valid 
Chip Deselected lo Output Off 


Output Hold From 
Address Change 


Peripheral Data Set-Up 
Peripheral Data Hold 
Write Io Address Setup 
Write to Address Hold 


WRITE CYCLE 


Write Cycle Time 

Address to write set-up time 
Write Pulse Width 

Write Release Time 

Data to Write Overlap 

Data Hold 

Write to Peripheral Output 


COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to 
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 
liability arising ot of the applicalion or use of any product or circuit described herein; neither does it convey 
any license under its patent rights nor the rights of others. 
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6523 TRI-PORT INTERFACE 


CONCEPT ... 


The 6523 TRI-PORT Interface (TPI) is designed to simplify Ihe Implementation ol comp 
microcompuler systems. It has Ihree dedicated 8-bit I/O ports which provide 24 individ! 
lines. 


39V3JU3FLNI LHOd-IHL E25 


FEATURES: A — Port Register A 


u 24 individually programmable I/O lines PRB — Port Register B 
= £ 7 PRC — Port Register C 
a Completely static operation DDRA — Data Direction Register A 
i An DDAB — Data Direction Register B 
a Two TTL Drive Capability DDAC — Data Direclion Register 
m 6 directly addressable registers } Illegal States 


a 1 MHz, 2MHz and 3MHZ operation Nlogal States 
“NOTE: RS2, RS1, ASO respectively 


ORDER NUMBER: 
6523 PIN CONFIGURATION 


ananaon. 


FREQUENCY RANGE 
NO SUFFIX = 1 MHz 
A=2MHz 
B=3MHz 


PACKAGE DESIGNATOR 
C = CERAMIC 
P= PLASTIC 


SNBEUBBNBERBBSERBERKRSEBE 


AR2BZSAB2EE 
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6523 INTERNAL ARCHITECTURE 


PERIPHERAL 
DATA 


DATA 


A PA 
BUS 
BUFFERS DATA BUFFERS 
DRESDEN PAO-PA7 


PERIPHERAL 
DATA 


PB 
BUFFERS 
PBO-PB7 


CHIP 
ACCESS 
CONTROL 


PERIPHERAL 
DATA 
c 


PC 
DATA BUFFERS 
DIRECTION 
c 
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MAXIMUM RATINGS 


This device contains circuitry to protect 
ihe Inputs agalnsı damage due to high 
static voltages, however, Il Is advised !hat 
normal precautions be laken to avold 
application of any voltage higher than 
maximum raled voltages to this circult. 


-03t0 +70 


SUPPLY VOLTAGE 


INPUT VOLTAGE Yin -0,310 +70 Vae 


OPERATING TEMPERATURE RANGE Ta 010 +70 °C 


STORAGE TEMPERATURE RANGE Tag -5510 +150 °C 


CHARACTERISTICS (Vcc = 5.0 V & 5%, Vss = 0V, Ta = 0° to 70°C) 


Input High Voltage (Normal Operating Levels) 


Input Low Voltage (Normal Operating Levels) 


Input Leakage Current 
Vin = 0105.0 Vde 
WRITE AST, CS, RS.RS, 


Three-State (Oft Slate) Input Current 
Yin = 0.4 to 2.4 Vdc, Voc = mau) 
D0-07, PAO-PA7. PBO-PB7. PCO-PC7 


Oulput High Voltage 
co = min, Load 


Output Low Voltage 
cc = min, Load 


Output High Current (Sourcing) 
Won = 2.4 Vac) 


Output Low Current (Sinking) 
WoL = 0.4 Vdc} 


Supply Current 


Input Capacliance 
Yin = OV, Ta = 26°C, t= 1.0 MHz) 
D0-07, PAO-PA7. PBO-PB7. PCO-PC7 
WRITE AST, RSGRS2,CS 


Qutput Capacitance 
Win - 0, Ta = 25°C, 1 = 1.0 MHz) 


Note: Negative sign Indicates outward current flow, poalilve Indicates Inward flow. 
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READ CYCLE 


READ CYCLE 


[| 
LH IT 
WALL IN NY 


TIMING DIAGRAMS 


WRITE CYCLE 


WAITE CYCLE 


AS-AS, 


A N VIUEHUBEEBBARERREER 
ALIIITIITITTTETTITIIIZ 
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READ CYCLE 


1MHz 
Parameter MIN 


Read Cycle Time 

Access time 

Chip Select to Output Valid 
Chip Desetected to Output Off 


Output Hold From 
Address Change 


Peripheral Data Sel-Up 


Peripheral Data Hold 
Write to Address Setup 
Write to Address Hold 


WRITE CYCLE 


Parameter 


Write Cycle Time 

Address to write set-up time 
Write Pulse Width 

Write Release Time 

Data to Write Overlap 

Data Hold 

Write to Peripheral Output 


COMMODORE SEMICONDUCTOR GROUP reserves the right Io make changes to any products herein to 
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 
liability arising out ofthe application or use of any product or circuit described herein; neither does it convey 
any license under its patent rights nor the rights of others. 
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6525 TRI-PORT INTERFACE 


At \ 

CONCEPT ... EN. 13 
The 6525 TRI-PORT Interface (TPl) is designed to simplify the Implantat c ten 1. 
operations in microcomputer systems. It combines two dedicated B-bit VO ports. wi Kihir &.bit port „ 


programmable for either normal I/O operation or priority interrupt/handshaking Ögnirol. Denen on 
the mode selected, the 6525 can provide 24 individually programmable HP lines,or 18 \/ uns 2 
handshake Ines and 5 prlority Interrupt inputs. ö “ Er 


FEATURES: 
« 24 individually programmable I/O lines or 
16 1/O lines, 2 handshake lines and 5 in- 


PRA — Port Register A 


R 001°; PRB-Port Register B 
terrupt inputs. Au Q PRC - Port Register C 
Priority or non-priority interrupts x \ DDRA — Data Direction Register A 
Automatic handshaking le 100. DDRB- Data Direction Register B 
RS DDRC - Data Direction Register 


Completely static operation Da 
R ER De \ Ciinterrupl Mask Register 
Two TTL Drive Capability j S "PEN. 1410 R6 _ CA-Control Register 

8 directly addressable registers N s) 111 A7  AIR-Active Interrupt Register 
1.MEiz, 2Mkiz and '9MHz opetation N “NOTE: RS2, RS1, RSO respectively 


RR u‘ 


6525 PIN CONFIGURATION 


ananzun. 


FREQUENCY RANGE 
NO SUFFIX = 1 MHz 
A=2MHz 
B=3MHz 


PACKAGE DESIGNATOR 
C = CERAMIC 
P=PLASTIC 


“0 
K} 
E] 
3 
3 
35 
4 
3 
32 
3 
E} 
L.) 
2 
27 
p.} 
25 
24 
2 
2 
pl 
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6525 INTERNAL ARCHITECTURE 


PERIPHERAL 
DATA 
A PA 
BUFFERS 
DATA 
DIRECTION 
A 


PERIPHERAL 
DATA 
CONTROL B 
REGISTER 
DATA 
DIRECTION 


IRANIRANINIIUNANG 


NN 
N 


BER NEE 


AN 


/ 
/ 
% 


N 


SIIIIUINAIAIINANANIIIIIUANANINSS 


Se 


PERIPHERAL 
DATA 
[ej 
T. 


REGISTER DATA 
DIRECTION 
DLLLLLA C/MASK 


MAXIMUM RATINGS 


Vor Thies device contalns circultry to protecl 


SUPPLY VOLTAGE 0310 +70 the Inputs against damage due 10 high 
INPUT VOLTAGE -03t0 +70 static voltages, however, It Is advised that 
normal precautions be taken to avold 
OPERATING TEMPERATURE RANGE 010 +70 application of any voltage higher than 
maximum rated vollages to thie chreult. 
STORAGE TEMPERATURE RANGE -510 +15 


CHARACTERISTICS (Vcc = 5.0 V + 5%, Vss = 04, Ta = 0° 10 70°C) 


Input High Voltage (Normal Operating Levels) 


Input Low Voltage (Normal Operating Levels) 


Input Leakage Curreni 
Yin = 010 5.0 Vde 
WRITE AST.CS, AS.RS, 


Three-State (Off State) Input Current 
Win = 0.4 to 2.4 Vdc, Voc = max) 
D0-D7, PAO-PA7. PB0-PB7. PCO-PC7 


Oulput High Voltage 
(cc = min, Load = 200 „Adc) 


Output Low Voltage 
cc = min, Load = 3.2 mAdc) 


Output High Current (Sourcing) 
(oH = 2.4 Vde) 


Output Low Current (Sinking) 
Vor = 0.4 Vdc) 


Input Capacitance 
Yin = V, Ta = 25°C, 1= 1.0 MHz) 
DO-D7, PAO-PA, PBO-PB7. PCo-Pc7 PC7, 
WRITE AST. ASGRS2, CS 


Output Capscilance 
Vin = OV, Ta = 25°C, 1= 1.0 MHz) 


Note: Negative sign Indicates outward current flow, posllive Indicales Inward flow. 
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READ CYCLE 


READCYCLE 


RS.RS, 


[| 
[ILLIIIN ID 
uunuın K7 


TIMING DIAGRAMS 


WRITE CYCLE 


WAITE CYCLE 


Read Cycle Time 
Access time 


Chip Select to Output Valid 


Chip Deselected to Output Off 


Output Hold From 
Address Change 


Peripheral Data Set-Up 
Peripheral Data Hold 
Write t0 Address Setup 
Write to Address Hold 


Write Cycle Time 

Address to write set-up time 
Write Pulse Width 

Write Release Time 

Data to Write Overlap 

Data Hold 

Write to Peripheral Output 


READ CYCLE 


WRITE CYCLE 
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6525 Internal Registers 
077’ D6 DS D4 D3 D2 DI DO 


7 
oa [alle here] 
an DIESES 
bone, GODS 


Pro. [elalrelo[sTelele| 


When MC 


CA, CB Functional Description 


CA OUTPUT MODES 


CA, MODE DESCRIPTION 
0 “Handshake” CA is set high on an active transition of the I, interrupt input signal 
on Read and set low by a microprocessor “Read A Data” operation. This 
allows positive control of data transfers from the peripheral device to 
the microprocessor. 


Pulse Output CA goes low for IuS after a "Read A Data” operation. This pulse can 
be used to signal the peripheral device that data was taken. 


Manual CA set low. 
Output 


Manual CA set high. 
Output 


CB OUTPUT MODES 
MODE DESCRIPTION 


"Handshake” CB is set low on microprocessor “Write B Data” operation and is set 
on Write high by an active transition of the I, interrupt input signal. This allows 
positive control of data transfers from the microprocessor to the 

peripheral device. 


Pulse Output CB goes low for I uS after amicroprocessor “Write B Data” operation. 
This can be used to signal the peripheral device that data is available. 


Manual CB set low. 
Output 


Manual CB set high. 
Output 
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INTERRUPT MASK REGISTER DESCRIPTION 

When the Interrupt Mode Is selected (MC = 1), the Data Direction Register for Port C (DDRC) is used to enable 
or disable a corresponding interrupt input. For example: If M, = O then |, Is disabled and any I, interrupt latched in 
the interrupt latch register will not be transferred to the AIR and will not cause IRQ to go low. The interrupt latch 
can be cleared by writing a zero to the appropriate bit in PAC. 


PORT REGISTER C DESCRIPTION 

Port Register C (PRC) can operate in two modes. The mode is controlled by bit MC in register CR. When MC = 0, 
PRC is a standard I/O port, operating Identicaliy to PRA & PRB. IF MC = 1, then port register C is used for hand- 
shaklng and priority Interrupt input and output. 


PRC When MC = 0: 
[Po.]pc. ec, [pc. Po; [P&. [FTP] 


PRC When MC = 1: 


(ealcalra|ıu In In [nIe] 


INTERRUPT EDGE CONTROL 
Bits IE, and IE, In the control register (CR) are used to determine the active edge which will be recognized by the 
Interrupt latch. 


IE, (IE,) = 0 then I, (I,) latch will be set on a negative transition of I, (ls) Input. 
IE, (E,) = 1 then I, (I,) latch will be set on a positive transition of the I, (I,) input. 


All other Interrupt latches (l,, I,, |) are set on a negative transition of the corresponding interrupt input. 


Me Is IE] u I] Sean noaa or AIR Using Following Equation: 


LR — ILR @) AIR 


DOSESDSESE 
Interrupt Priority Select 


IP = O No Priority 
IP = 1 Interrupts Prioritized 


FUNCTIONAL DESCRIPTION 
1. IP=0:No Priority 


In this mode, the first Interrupt latched into the Interrupt Latch Register (ILR) is transferred immedlately Into the Active 
Interrupt Register (AIR) and IRQ is pulled low (assuming the interrupt isn't masked). Upon reading the AIR, IRQ is reset high, 
the Interrupt latch in the ILR is cleared as described above and the chip is ready to receive new interrupts. In non-priority 
mode, if multiple interrupts occur simultaneously, allcorrespondingbitsin the AIR will be set. When AlR Isread, allassociated 
bitsinthe ILR will be cleared, therefore it Isa software effort to recognize that multiple interrupts have occurred andto service 
them appropriately. 
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2. 1P=1:Priorlty Interrupt 


In this mode, the interrupts are prioritized in the following order: 14>13>12>11>10. 


With priority selected, only one bit in the AIR can be set at any time. When an interrupt occurs, it is latched in the ILR, then 
Priority is compared. If the interrupt is of highest priority, it will be transferred to the AIR and an Interrupt Request will be 
generated. To fully understand the operation of the priority interrupis, consider the following examples: 


A. The least complicated case involves a single interrupt which the processor services completely before another interrupt 
occurs: 

An interrupt is received on I1. 

Bit 11 is set in the ILR. 

IRQ goes low. 

Bit A1 is set in the AIR. 

Processor responds to IRQ by reading AIR to determine which interrupt has occurred. 

A1 is pushed onto interrupt stack and 11 is cleared. 

A1 is cleared and IRQ goes high. 

Processor services interrupt and signals completion by writing to AIR. 

Interrupt stack automatically pops on write to AIR, completing interrupt sequence. 


veonanBaun- 


B. The next case occurs when an interrupt is in the process of being serviced and a lower priority interrupt occurs: 


Interrupt |1 is received and latched. ' 
IRQ goes low and A1 is set. 

Processor reads AIR and determines I1 has occurred. ‘ 
A1 is pushed onto interrupt stack and I1 is cleared. | 
A1 is cleared and IRQ goes high. ’ 
Processor services |1, during which an IO interrupt occurs and is latched, | 
The interrupt stack prevents IO from interrupting I1 service. l 
Upon completion of 11 service, processor writes AIR, popping interrupt stack ! 
IRQ goes low and AO is set, beginning a new interrupt sequence for IO. 


vsanonBonn 


C. The final case occurs when an interrupt is in the process of being serviced and a higher priority interrupt occurs: 


Interrupt 11 is received and latched. 

IRQ goes low and A1 is set. 

Processor reads AIR and determines I1 has occurred. 

Alis pushed onto interrupt stack and 11 is cleared. 

A1 is cleared and IRQ goes high. 

Processor services I1, during which an I2 interrupt occurs and is latched. 

IRQ goes low and A2 is set. 

11 service is interrupted and processor automatically stacks program counter. 

Processor reads AIR and determines A2 has occurred. 

10. A2 is pushed onto interrupt stack and I2 is cleared. 

11. A2 is cleared and IRQ goes high. 

12. Processor services 12. 

13. Upon completion of I2 service, processor writes AIR, Popping Ihe interrupt stack, which restores A1 on top of stack. 
14, Return From Interrupt causes processor to resume service of I1 which had been interrupted. 

15. Interrupi stack prevenis lower priority interrupt of resumed I1 service. 

. Upon completion of I1 service, processor writes AIR, popping interrupt stack and completing interrupt sequence. 


vananpon- 


NOTE: Afive-level interrupt stack maintains priority information for all interrupts under service. This stack is pushed on any 
READ of AIR and popped on any WRITE toAIR. No extraneous reading or writing of AIR should be performed asthis willcause 
unwanted stack operations. 

The only time a READ of AIR should occur is in response to an interrupt request. 

The only time a WRITE to AIR should occur is to signal the 6525 that an interrupt service is complete. 


COMMODORE SEMICONDUCTOR GROUP reserves the right io make changes lo any products herein to 
improve reliability. Iunction or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 


liability arising ot of the applıcatıon or use ol any product or circuit described herein. neıther does ıt convey 
any license under its patent righis nor the rights of others 
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6526 COMPLEX INTERFACE ADAPTER (CIA) 


DESCRIPTION 


The 6526 Complex Interface Adapter (CIA) is a 65XX bus compatible perip! ah c 
with extremely flexible timing and I/O capabilities. N 


FEATURES 


= 16 Individually programmable I/O lines 

= 8.0r 16-Bit handshaking on read or write 

a 2 independent, linkable 16-Bit interval timers 

» 24-hour (AM/PM) time ol day clock with program 
= 8-Bil shift register for serial I/O R 
= 2TTL Load capability 

a CMOS compatible I/O lines 

« 1 or 2 MHz operation available 


ORDERING INFORM i PIN CONFIGURATION 
MXS 6526 


osnoun2omnm- 


EQUENCY RANGE 
NO SUFFIX=1MHz 
A=2MHz 


oo 


Bono 


PACKAGE DESIGNATOR 
C=CERAMIC 
P = PLASTIC 
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6526 
BLOCK DIAGRAM 


Do-D7 


DATA BUS BUFFERS 


PA 
m us KDD Pnopar 


&l 


> PBorPB7 


CHIP ACCESS CONTROL 


R/W 92 CS RS3 RSı RSo RES 
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MAXIMUM RATINGS 
Supply Voltage, Vec 

Input/Output Voltage, VIN 
Operating Temperature, Top 0°C to 70°C 
Storage Temperature, TSTG -55°C to 150°C 


Allinputs contain protection circuitryto preventdamage due 
to high static discharges. Care should be exercised to 
prevent unnecessary applicalion ofvollagesin excessolthe 
allowable limits. 


-0.3V 10 +7.0V 
-0.3V to +70V 


COMMENT 

Siresses above Ihose listed under “Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation ol this 
device at these or any other conditions above those indi- 
cated in Ihe operational sections of this specilication is not 
implied and exposure to absolule maximum rating condi- 
tions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Vcc + 5%, VSS = Ov, TA = 0-70°C) 


mn Tamm me Ta Tem 


Input High Voltage 


Input Low Voltage 


Input Leakage Current, Vin = ss +5v 
(TOD, R/W, FLAG, 2, RES, RSO-RS3, CS) 


Input Leakage Current for High Impedance 
State (Three State); VIN = .4v lo 2.4v; 
(Do-D7. SF) 


Output High Voltage Br 
VCC=MIN, ILOAD <-200uA (PAO-PA7,PC 
PBO-PB7, DO-D7) 


Output Low Voltage 
VCC = MIN, ILOAD < 3.2mA 


Output High Current (Sourcing); __ 
VOH > 2.4v (PAO-PA7, PBO-PB7, PC, DO-D7) 


Output Low Current (Sinking); VOL < .4v 
(PAO-PA7, PC, PBO-PB7, DO-D7) 


Clock Input Capacitance 
Input Capacitance 
Output Capacitance 


CCIk 


Cın 


CouT 


Power Supply Current Icc 
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WRITE TIMING DIAGRAM 


ADDRESS 
RSO-RS3, CS 


DATA 
DBo-DB7 


PERIPHERAL 
DATA 


READ TIMING DIAGRAM 


$> INPUT 


ADDRESS 
RSO-RS3, CS 


PERIPHERAL 
DATA 


"NOTE: TAacc is measured from the latest occurring signal; i.e., 2, CS, or ADDRESS. 
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= 4-22 -0o0oooooo.0 


82 CLK 
Cycle Time 
Rise + Fall Time 
Clock Pulse Width 


WRITE TIMING 


Write Pulse Width 


Address Valid before neg- 
ative transition of clock 


Address Hold Time 


Data Valid Before neg- 
ative transition of clock 


Data Hold Time 


Penipheral Data valid 
after negative transition 
of clock 


READ TIMING 
RW Set Up Time 
RW Hold Time 


Address Valid before neg- 
ative transition of clock 


Address Hold Time 

Data Access from Address, cs, 
or dp 

Data Hold Time 


Peripheral Data Valid 
before positive clock 
transition 


REGISTER MAP 


PERIPHERAL DATA REG A 
PERIPHERAL DATA REG B 
DATA DIRECTION REG A 

DATA DIRECTION REG B 
TIMER A LOW REGISTER 
TIMER A HIGH REGISTER 
TIMER B LOW REGISTER 
TIMER 8 HIGH REGISTER 
I0THS OF SECONDS REGISTER 
SECONDS REGISTER 

MINUTES REGISTER 

HOURS — AM/PM REGISTER 
SERIAL DATE REGISTER 
INTERRUPTCONTROLREGISTER 
CONTROL REG A 

CONTROL REGB 


EN 
en | 


TOD 10ns 
[son | 


=20°00--00--00--0o0 
nmooog>rvnoon2un-o 


0 
0 
{e] 
1 

1 

1 

1 

0 
0 
[e} 
o 
1 
1 
1 
1 


=-0-0-0-0-0-0-0- 
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6526 FUNCTIONAL DESCRIPTION 


V/O Ports (PRA, PRB, DDRA, DDRB): 


Ports A and B each consist of an 8-bit Peripheral 
Data Register (PR) and an 8-bit Data Direction Regis- 
ter (DDR). If a bit in the DDR is set to a one, then the 
corresponding bit inthe PR is defined as an output, ifa 
DDR bit is set to a zero, the corresponding PR bit is 
defined as an input. On a READ, ine PR reflects the 
information present on the actual port pins (PAO-PA7, 
PBO-PB7) for both input and output bits. Port A and 
Port B have passive pull-up devices as well as active 
pull-ups, providing both CMOS and TTL.compatibility. 
Both ports have two TTL load drive capability. In 
Addition to normal I/O operation, PB6 and PB7 also 
provide timer output functions. 


Handshaklng: 


Handshaking on_data transfers can be accom- 
plished using the PC output pin and the FLAG input 
pin. PC will go low for two cycles following a read or 
write of PORT B. This signal can be used to indicate 
“data ready” at PORT B or "data accepted" from PORT 
B. Handshaking on 16-bit data transfers (using both 
PORT A and PORT B) is possible by always reading or 
writing PORT Afirst. FLAG is a negative edge sensitive 
input which can be used for receiving the PC output 
from another 6526, or as a general purpose internupt 
input Any negative transition on FLAG will set the 
FLAG interrupt bit. 


REG NAME Dr De Ds Dy Da 


BD Dı Do 
o prA [Paz [Pas Tras_Iras [Pas [Pa TPaı [Pao | 
[pe7 reg [res [res [rBa [re2 [psı [re | 
[oPa7 [opas [oPAs [opas [opag| oraz| oPaı [orao| 


3 DDRB 


INTERVAL TIMERS (TIMER A, TIMER B) 


Each interval timer consisis of a 16-bit read-oniy 
Timer and a 16-bit write-only Prescaler. Data written to 
a limer register sets Ihe prescaler, while data read from 
a timer register reflects the contents of the timer itself. 
The timers can be used independenty or linked for 
extended operations. Each timer has a control register 
associated with it, providing independent control of 
functions. These functions include: 


Start/Stop: 
A control bit allows the timer to be started or stopped 
by the microprocessor at any time. 


PB On/Ott: 

A control bit allows the timer output to appear on a 
PORT B output line (PB6 for TIMER A and PB7 for 
TIMER B). This function overrides tne DDRB control 
bit and forces the appropriate PB line to an output. 


Toggle/Pulse: 

A control bit selects the output applied to PORT B.On 
every timer underflow the output can either toggle or 
generate a single positive pulse of one cycle duration. 
The toggle output is set high whenever the timer is 
started. 


One-Shot/Continuous: 

A control bit selects either timer mode. In one-shot 
mode, the timer will count down from the prescaler 
value to zero, generate an interrupt, reload the pre- 
scaler value, then stop. In continuous mode, the timer 
will count from the prescaler value to zero,generatean 
interrupt, reload the prescaler value and repeat the 
procedure continuously. 
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Force Load: 
A strobe bit allows the prescaler 10 be loaded into the 
timer at any time, whether the timer is running or not. 


Input Mode: 

Control bits allow selection of the clock used to 
decrement the timer. TIMER A can count 82 clock 
pulses or external pulses applied to the_CNT pin. 
TIMER B can count @2 pulses, external CNT pulses, 
TIMER A underflow pulses the TIMER A underflow 
pulses while the CNT pin is held low. 


The value ofthe prescaler isloadedintothetimeron 
any timer underflow, on aforce load orfollowing a write 
to Ihe high byte ol the prescaler when the limer is 
stopped. Ifihe timer is running, a write to the high byle 
will update Ihe prescaler, but not reload the timer. 


READ (TIMER) 


REG NAME 
4 1mıo [Tatz faıs [raus Trata Fat Jratz Fauı [00] 
tamı [Tanz [rang [ran [rana [ran fratz [ran rat) 
18 10 [1BLy [raus Jet [rau [rBLz [reLz frac [TBto| 
[ro [ron [rons [ran [rers 


TBHI 
WRITE (PRESCALER) 


AEG NAME 

4 TALO PAL4 [Paz JPALz 
5 Tamı [Paz JPAHo|PARs|PAH« |PAHta PAR2]PAHL]PAHo| 
s mio 
7 [Parzjpang|Pans|ran. Pan Pan2[FaR1]PBR0 


TBH! 


Time of Day Clock (TOD): 


The TOD clock is a special purpose timer for real- 
time applications. TOD consists ofa 24-hour (AM/PM) 
clock with 1/10th second resolution. It is organized 
into 4 registers; i.e., 10ths of seconds, Seconds, Min- 
utes and Hours. The AM/PM flag is in Ihe MSB of the 
Hours register for easy bit testing. Each register reads 
out in BCD format to simplify conversion for driving 
displays, elc. The clock requires an external 60 Hz or 
50 Hz (programmable) TTL level input on the TOD pin 
for accurate time-keeping. In additiontotime-keeping, 
a programmable ALARM is provided for generating 
an interruptatadesired time. TheALARM registersare 
located at the same addresses as the corresponding 
TOD registers. Access to the ALARM is governed bya 
Control Register bit. The ALARM is write-only; anyread 
ofaTOD address will read time regardless of Ihe state 
ofthe ALARM access bit. 


A specific sequence of events must be followed for 
proper setting and reading of TOD. TOD is auto- 
matically stopped whenever a write to the Hours 
register occurs. The clock will notstart again until after 
a write to the 10ths of seconds register. This assures 
TOD will always start atthe desired lime. Since a carry 


from one stage to the next can occur at any lime with 
respect to a read operation, a latching funclion is 
included to keep all Time Of Day information constant 
during a read sequence. All four TOD registers latch 
on a read of Hours and remain latched until after a 
read of 10ths ofseconds. The TOD clock continues to 
countwhen he outputregisters are latched.Ifonlyone 
register is to beread, there is no carry problem and the 
register can beread "on the !ly, provided Ihatany read 
of Hours is followed by a read of 10ths of seconds to 
disable the latching. 

READ 

REG NAME 


TOD 10TH$ | 0 [5] Tg IT [72 IT 
{e} SH4 Slg |SL4 |SL2 | SLı 
0 MH4 MLg |ML4 |ML2 | ML 
pm | o HLg |Ht4 [Ht2 | Hd 


CAB7=0 TOD 
CAB7=1 ALARM 
(SAME FORMAT AS READ) 


Serlal Port (SDR): 


The serial port is a buffered, 8-bit synchronous shift 
register systern. A control bit selecis input or output 
mode. In input mode, data on the SP pin is shifted into 
the shift register_on the falling edge of the signal 
applied tothe CNT pin. After 8 CNT pulses, the data in 


the shift register is dumped into the Serial Data 
Register and an interrupt is generated. In the output 
mode, TIMER A is used for ihe baud rate generator. 
Data is shifted outonthe SP pin at %a the undertlow rate 
of TIMER A. The maximum baud rate possible is 2 
divided by 4, but Ihe maximum useable baud rate will 
be determined by line loading and the speed atwhich 
the receiver responds to input dala. Transmission will 
start following a write to the Serial Data Register 
(provided TIMER A is running and in continuous 
mode). The clock signal derived from TIMER A ap- 
pears as an oulput on the CNT pin. The data in the 
Serial Data Register will be loaded into_the shift 
register Ihen shift out to Ihe SP pin when a CNT pulse 
occurs. Data shifted out becomes valid on the rising 
edge of CNT and remains valid until the next rising 
edge. After 8CNT pulses, an interrupt is generated to 
indicate more data can be sent. If the Serial Data 
Register was loaded with new information prior to this 
interrupt, the new data will automatically be loaded 
into the shift register and transmission will continue. If 
the microprocessor stays one byte ahead ol the shift 
register, lransmission will be continuous. If no further 
data is to be transmitted, afterthe 8th CNT pulse, CNT 
will return low and SP will remain atthe level ofthe last 
data bit iransmitted. SDR data is shifted out MSB first 
and serial input dala should also appear in this format. 


__The bidirectional capability of the Serial Port and 
CNT clock allows many 6526 devices to be con- 
nected to a common serial communicalion bus on 
which one 6526 acts as a master, sourcing data and 
shift clock, while all other 6526 chips act as slaves. 
Protocol for master/slave selection can be Iransmitted 
over the serial bus, or via dedicated handshaking 
lines. 


REG NAME 
= 29% [uen] se aneiee]er] 


Interrupt Control (ICR): 


There are live sources of inlerrupts on the 6526: 
underflow from TIMER A, underflow from TIMER B, 
TODALARM, Serial Port full/jemptyand FLAG.A single 
register provides masking and interrupt information. 
The Interrupt Control Register consists of a write-only 
MASK register and a read-oniy DATA register. Any 
interrupt will set the corresponding bit in Ihe DATA 
register. Any interrupt which is enabled by Ihe MASK 
register will set the IR bit (MSB) ol Ihe DATA register 
and bring the IRQ pin low. In a multi-chip system, Ihe 
IR bit can be polled to delecl which chip has gener- 
ated an interrupt request. The inlerrupt DATA register 
is cleared and the IRQ line retums high following a 
read ofthe DATA register. Since each internupt sets an 
interrupt bit regardless of Ihe MASK, and each inter- 
rupt bit can be selectively masked to prevent the 
generation ol a processor interrupt, it is possible lo 
intermix polled inlerruplis wilh Irue interrupts. However, 
polling the IR bit will cause the DATA regisler to clear, 
Iherefore, it is up to the user to preserve the informa- 
tion contained in the DATA register if any polled 
interrupts were present. 


The MASK register provides convenient control of 
individual mask bits. When writing to tre MASK regis- 
ter, if bit 7 (SET/CLEAR) of the data written isa ZERO, 
any mask bil written with a one will be cleared, while 
those mask bits written wilh a zero will be unaffected. If 
bit 7 ofthe data written is a ONE, any mask bit writien 
with a one will be set, while those mask bils written with 
azerowillbe unaffected. Inordertoraninterruptllagto 
set IR and generate an Interrupt Request, the corre- 
sponding MASK bil must be sel. 


READ (INT DATA) 
REG NAME 


o «a [m Je [0 [rer 


WRITE (INT MASK) 
AEG NAME 


o» ale I Io FRMe LH 


CONTROL REGISTERS: 


There are two control registers in the 6526, CRA and CRB. CRA is associated with TIMER A and CRB is 
associated with TIMER B, although there are additional functions. The register format is as follows: 


CRA: 
Bit Name Function 


0 START 1=START TIMER A, 0=STOP TIMER A. This bit is automatically reset when underflow occurs 
during one-shot mode. 

1 PBON 1=TIMER A output appears on PB6, 0=PB6 normal operation. 

2 OUTMODE 1=TOGGLE, 0=PULSE 

3 RUNMODE 1=ONE-SHOT, 0=CONTINUOUS 

4 LOAD 1=FORCE LOAD (this is a STROBE input, there is no data storage, bit 4 will always read back a 
zero and writing a zero has no effect). 

5 INMODE 1=TIMER A counts negative CNT transitions, O=TIMER A counts 2 pulses. 

6 SPMODE 1=SERIAL PORT output (CNT sources shift clock), O=SERIAL PORT input (external shift clock 
required). 

7 TODIN 1=50 Hz clock required on TOD pin for accurate time, 0=60 Hz clock required on TOD pin for 
accurate time. 


CRB: 
Bit Name Function 


(Bits CRBO-CRB4 are identical to CRAO-CRA4 for TIMER B wilh the 
exception that bit 1 controls the output of TIMER B on PB7). 


5,6 INMODE Bits CRB5 and CRB6 select one of four input modes for TIMER B as: 

CRB6 CRBS5 

0 0 TIMER B counts O2 pulses. 

0 1 TIMER B counts negative CENT transistions. 

1 0 TIMER B counts TIMER A underflow pulses. ER 

1 1 TIMER B counts TIMER A underflow pulses while CNT is low. 
7 ALARM 1=writing to TOD registers sets ALARM, O=writing to TOD registers sets TOD clock. 


TOD 
REG NAME IN 


sp 
MODE 
0=60Hz |0=INPUT | O=2 1=FORCE |0=CONT.| 0=PULSE 
LOAD 
1=50Hz | 1=0UTPUT | 1=CNT | (STROBE) |1=0S. 


IN RUN 
START 


RUN 
NT. 


OUT 
MODE 

PULSE 
= 


1=FORCE |0=CO) 0= 
(STROBE) |1=0.S =TOGGLE | 1=PB& ON 


TB —————— 


All unused register bits are unaffected by a write and are forced to zero on a read. 


COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to 
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 
liability arising out of the application or use ol any produci or circuit described herein; neither does it convey 
any license under its patent rights nor the rights of others. 
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6529 SINGLE PORT INTERFACE 


DESCRIPTION 


The 6529 is a static microprocessor compalible, 8-bit I/O Port with passive outpulpull-up devices. 
Data is written to the portwhen CS and R/W are low. Data is read from the port when CS is low and R/W 
is high. The passive oulpul pull-ups allow a single bil to acl as either an input or an output without I/O 
mode switching. 


This device is provided with special circuitry to provide power-on reset. Under normal fast power- 
on conditions {he outputs will initialize in the input high impedance slate. With very slow or noisy 
power-up,there is some possibility the device will initialize with outputs driven low. Itis recommended 
that the 6529 be interfaced to open collector output type devices. 


TRUTH TABLE PIN CONFIGURATION 


Write to Output 
Read from Input 
Isolation 


L = LOW Level 


H= HIGH Level 
X =Irrelevant 


ORDER INFORMATION 
MXS 6529 


1a FREQUENCY RANGE 
NO SUFFIX = 1 MHz 
A=2MHz 

B=39 MHz 


PACKAGE DESIGNATOR 
C = Ceramic 
P = Plastic 
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MAXIMUM RATINGS 


This device contains circuitry to 
mar  Tsancn| Van ee oe 
SUPPLY VOLTAGE -0310+70| Vdc due to high stalic vollages, how- 

ever, it is advised ihal normal 


INPUT VOLTAGE i -0.310 +70 precaulions be taken to avoid 


application of any vollage higher 
OPERATING TEMPERATURE RANGE 0t0o+70 Ihan maximum rated voltages to 


STORAGE TEMPERATURE RANGE 55 0 +150 this circuit. 


CHARACTERISTICS (VCc = 5.0V 4 5%, Vss = OV, Ta = 0° t0 70°C) 


CHARACTERISTIC SYMBOL 
Input High Voltage (Normal Operating Levels) Ku 
Input Low Voltage (Normal Operating Levels) | 


Input Leakage Current 
Vin = 0 to 5.0Vdc 
WRITE,CS 
Three-State (Off State Input Current) ITsI 
in = 0.4 to 2.4 Vdc, Vcc = Max) 
Do-D7 


VIH 
VIL 

Output High Voltage 
(vcc = Min, Load = -600pAdc, Po-P7, OH 
OL 
cc 


ö 
fe) 


+20 
-03 


+ 
o© 


V 
(cc = Min, Load = —200uAdc, DoD7) 
V 


Output Low Voltage 
(Vcc = Max, Load = 6.4mAdc, Po-P7) 
(Vcc = Max, Load = 3.2mA, Do-D7) 


Output High Current (Sourcing) 
(VOoH = 2.4 Vdc) 


Output Low Current (Sinking) IOL 
(VoL = 0.4 Vdc) IOL 
Supply Current 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. 


om 
bpb» 
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READ CYCLE TIMING DIAGRAM 


ZLLLLLLIDR AUHLLLTTTITLITTTI 


e—— l(0O — 
Tacc 
SUBHHRRHLA 


NLZIZZZZIN 


READ CYCLE CHARACTERISTICS 


Access lime 


Chip Select to Output Valid 


Chip Deselected to Output Off 


Peripheral Data Set-Up 
Peripherai Data Valid 
Write to CS Setup 


Write to CS Hold 
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WRITE CYCLE TIMING DIAGRAM 


(GE: lH KL. 
VVHBBBBEBEBBBERHBERER, 


WRITE CYCLE CHARACTERISTICS 


Write Pulse Width 
Data to CS Overlap 
Data Hold 


Wrile to Peripheral Output 


"tw is measured from the latter of CS or R/W going low to the earlier of CS or Aw going high. 


COMMODORE SEMICONDUCTOR GROUP reserves Ihe righl to make changes 10 any products herein to 
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any 
liability arising out of the application or use of any product or circuit described herein; neither does it convey 
any license under its patent rights nor the righis of others. 
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Memory, //O, 
Timer Array 


Sıneriek 


INGOIROUOIPAATL EN 


8 bit bi-directional Data Bus for direct communication 
with the microprocessor 

1024 x 8 ROM 

64 x B static RAM 

Two B bit bi-directional data ports for interface to 
peripherals 

Two programmable I/O Peripheral Data Direction 
Registers 


SY6530 


MICROPROCESSOR 
PRODUCTS 


APRIL 1979 


Programmable Interval Timer 

Programmable Interval Timer Interrupt 

TTL & CMOS compatible peripheral lines 

Peripheral pins with Direct Transistor Drive Capability 
High Impedence Three-State Data Pins 

Allows up to 7K contiguous bytes of ROM with no 
external decoding 


The SY6530 is designed to operate in conjunction with the SY6500 microprocessor Family, It is comprised of a mask 
programmable 1024 x 8 ROM, a 64 x 8 static RAM, two software controlled 8 bit bi-directional data ports allowing 
direct interfacing between the microprocessor unit and peripheral devices, and a software programmable interval timer 
with interrupt, capable of timing in various intervals from 1 to 262,144 clock periods. 


FIGURE 1. SY6530 BLOCK DIAGRAM 


DATA outpur PERIPHERAL 
CONTROL REGISTER 


DATA BUFFER 
REGISTER A 5 L\ 
A 


chip 
SELECT 
RW 


ADDRESS 
DECODER 


| 


csı cs2 02 Aw RES 


ul SYNERTEK® ınc. 


PERIPHERAL OUTPUT 


INTERVAL 


JATA BUFFER REGISTER 
TIMER D. 8 a 8 


DATA 
CONTROL 
REGISTER 

:} 


Ss] SY6530 


ABSOLUTE MAXIMUM RATINGS COMMENT 


Supply Voltage (Vec) -.3t0 +7.0V Stresses above those listed under "Absolute Maximum 

Input/Output Voltage (Vın) -,3 0 +7.0V Ratings’ may cause permanent damage to the device. This 

Operating Temperature (Top) is a stress rating only and functional operation of the de 

Sforage Temperature Range (Tstg) vice at these or any other conditions above those indicated 
in the operational sections of this specification is not 
implied. 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0V 35%, Vss = OV, Ta = 0°C to 70°C} 


Input Leakage Current; Vin = Vss +5V 

AQ-A9, RS, R/W, RES, 02, PB6*, PB5* 

Input Leakage Current for High Impedence State 
(Three State); Vin = .4V to 2.4V; DO-D7 


Low Input Current; Vın = .4V 

PAB-PA7, PBO-PB7 

Output High Voltage 

Vcc = MIN, ILOAD S -100uA (PAB-PA7, PBO-PB7, DB-D7) 
ILOAD S -I3mA (PA, PBB) 

Output Low Voltage 


Vcec = MIN, ILOAD S 1.6mA 
Output High Current (Sourcing); 
VOH > 2.4V (PAG-PA7, PBO-PB7, DO-D7) 
>1.5V Available for other than TTL 
(Darlingtons) (PA®, PB®) 
Output Low Current (Sinking); VOL S .4V 


Clock Input Capacitance 
Output Capacitance 
"When Programmed as address pins AII values are D.C. readings 


WRITE TIMING CHARACTERISTICS 


Characteristic 


Clock Period 

Rise & Fall Times 

Clock Pulse Width 

R/W valid before positive transition of clock 
Address valid before positive transition of clock 


Data bus valid before negative transition of clock 
Data Bus Hold Time 
Peripheral data valid after negative transition of clock 


Peripheral data valid after negative transition of clock driving CMOS | Tcmos 
(Level = Vec -30%) 


R/W hold time after negative clock transition 
Address hold time TCAH 
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In 


SY6530 


READ TIMIMG CHARACTERISTICS 


Characteristic 
R/W valid before positive transition of clock 


Address valid before positive transition of clock 
Peripheral data valid before positive transition of clock 


Data bus valid after positive transition of clock 
Data Bus Hold Time 


IRQ (Interval Timer Interrupt) valid before positive transition of clock 
R/W hold time after negative clock transition 


Loading = 30 pF + 1 TTL load for PAB-PA7, PBO-PB7 
= 130 pF + 1 TTL load for D®-D7 


INTERFACE SIGNAL DESCRIPTION 
Reset (RES) 
During system initialization a low (<0.4V} on the RES input will cause a zeroing of all four I/O registers. This in turn 
will cause alt I/O buses to act as inputs thus protecting external components from possible damage and erroneous data 
while the system is being configured under software control. The Data Bus Buffers are put into an OFF-STATE during 
reset. Interrupt capability is disabled with the RES signal. The RES signal must be held low for at least one clock period 
when reset is required. 


Input Clock (62) 

The input clock is a system Phase Two clock which can be either a low level clock (VjL < 0.4, VH > 2.4 or high level 
u +.3 

clock Vi <0.2, VIH = Vec_)- 


Read/Write (R/W) 

The R/W is supplied by the microprocessor array and is used to control the transfer of data to and from the micropro- 
cessor array and the SY6530. A high on the R/W pin allows the processor to read (with proper addressing) the data 
supplied by the SY6530. A low on the R/W pin allows a write (with proper addressing) to the SY6530. 


Interrupt Request (IRQ) 

The IRQ pin is an interrupt pin from the interval timer. This same pin, if not used as an interrupt, can be used as a 
peripheral I/O pin {PB7). When used as an interrupt, the pin should be set up as an input by the data direction register. 
The pin will be normally high with a low indicating an interrupt from the SY6530. An external pull-up device is not 
required; however, if collector-OR’d with other devices, the internal pullup may be omitted with a mask option. 


Data Bus (DO-D7) 

The SY6530 has eight bi-directional data pins (DO-D7). These pins connect to the systern’s data lines and allow transfer 
of data to and from the microprocessor array. The output buffers remain in the off state except when a Read operation 
occurs. 


Peripheral Data Ports (PAO-PA7, PBO-PB7) 

The SY6530 has 16 pins available for peripheral I/O operations. Each pin is individually software programmable to act 
as either an input or an output. The 16 pins are divided into 2 B-bit ports, PAO-PA7 and PBO-PB7. PB5, PB6 and PB7 
also have other uses which are discussed in later sections. The pins are set up as an input by writing a ''0” into the 
corresponding bit of the data direction register. A ‘1’ into the data direction register will cause its corresponding bit 
to be an output, When in the input mode, the peripheral output buffers are in the '’]’’ state and a pull-up device acts as 
less than one TTL load to the peripheral data lines. On a Read operation, the microprocessor unit reads the peripheral 
pin. When the peripheral device gets information from the SY6530 it receives data stored in the data register. The 
microproccessor will read correct information if the peripheral lines are greater than 2.0 volts for a ''1’’ and less than 
0.8 volts for a ‘‘0’ as the peripheral pins are all TTL compatible. Pins PAD and PBO are also capable of sourcing 3 ma at 
1.5V, thus making them capable of direct transistor drive. 


Address Lines (A0-A9) 


There are 10 address pins. In addition to these 10, there is the ROM SELECT (RS) pin. The above pins, AD-A9 and 
ROM SELECT, are always used as addressing pins, There are 2 additional pins which are mask programmable and can 
be used either individually or together as CHIP SELECTS. They are pins PB5 and PB6. When used as peripheral data 
Pins they cannot be used as chip selects. 
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CLOCK INPUT 


ADDRESS 


DATA BUS 


PERIPHERAL 
DATA 


CLOCK INPUT 


ADDRESS 


PERIPHERAL 
DATA 


DATA BUS 


PB7IIRO) 


FIGURE 2. WRITE TIMING CHARACTERISTICS 
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FIGURE 3. READ TIMING CHARACTERISTICS 


758 


SY6530 


Vec -30% 


S SY6530 


INTERNAL ORGANIZATION 


A block diagram of the internal architecture is shown in Figure 1. The SY6530 is divided into four basic sections, RAM, 
ROM, 1/O and TIMER. The RAM and ROM interface directly with the microprocessor through the system data bus and 
address lines. The I/O section consists of 2 B-bit halves. Each half contains a Data Direction Register (DDR) and an I/O 
Register. 


ROM 1 K Byte (8 K Bits) 


The 8K ROM is in a 1024 x 8 configuration, Address lines AO-A9, as well as RS are needed to address the entire ROM. 
With the addition of CS1 and CS2, seven SY6530’s may be addressed, giving 7168 x 8 bits of contiguous ROM. 


RAM - 64 Bytes (512 Bits) 


A 64 x 8 static RAM is contained on the SY6530. It is addressed by AO-A5 (Byte Select), RS, A6, A7, AB, A9, and, 
depending on the number of chips in the system, CS1 and CS2. 


Internal Peripheral Registers 


There are four internal registers, two data direction registers and two peripheral I/O data registers. The two data direc- 
tion registers (A side and B side} control the direction of the data into and out of the peripheral pins. A ‘'1’' written 
into the Data Direction Register sets up the corresponding peripheral buffer pin as an output. Therefore, anything then 
written into the I/O Register will appear on that corresponding peripheral pin. A ‘0”' written into the DDR inhibits the 
output buffer from transmitting data to or from the I/O Register. For example, a ''1'' loaded into data direction A, 
position 3, sets up peripheral pin PA3 as an output. If a ’’0’’ had been loaded, PA3 would be configured as an input and 
remain in the high state. The two data I/O registers are used to latch data from the Data Bus during a Write operation 
until the peripheral device can read the data supplied by the microprocessor array. 


During a read operation the microprocessor is not reading the I/O Registers but in fact is reading the peripheral data 
pins. For the peripheral data pins which are programmed as outputs the microprocessor will read the corresponding 
data bits of the I/O Register. The only way the I/O Register data can be changed is by a microprocessor Write operation. 
The I/O Register is not affected by a Read of the data on the peripheral pins. 


Interval Timer 


The Timer section of the SY6530 contains three basic parts: preliminary divide down register, programmable 8-bit 
register and interrupt logic. These are illustrated in Figure 4. 


The interval timer can be programmed to count up to 256 time intervals. Each time interval can be either 1T, 8T, 64T 
or 1024T increments, where T is the system clock period. When a full count is reached, an interrupt flag is set to a logic 
1", After the interrupt flag is set the internal clock begins counting down to a maximum of -255T. Thus, after the 
interrupt flag is set, a Read of the timer will tell how long since the flag was set to a maximum of 255T. 


The 8 bit system Data Bus is used to transfer data to and from the Interval Timer. If a count of 52 time intervis were to 
be counted, the pattern O0 O 1 1 0 1 0.0 would be put on the Data Bus and written into the Interval Time register. 


At the sametime that data is being written into the Interval Timer, the counting intervals of 1, 8 64, 1024T are decoded 
from address lines AD amd A1. During a Read or Write operation address line A3 controls the interrupt capability of 
PB7, i.e., A3 = 1 enables IRQ on PB7, Aa = 0 disables IRQ on PB7. When PB7 is used as an interrupt flag with the 
interval timer it should be programmed as an input. If PB7 is enabled by A3 and an interrupt occurs PB7 will go low. 
When the timer is read prior to the interrupt flag being set, the number of time intervals remaining will be read, i.e., 
51, 50, 49, etc. 


When the timer has counted down to 0 0 0.0.0000 on the next count time an interrupt will occur and the counter 
will read 1 1111 1 1 1. After interrupt, the timer register decrements at a divide by ’'1’’ rate of the system clock. If 
after interrupt, the timer is read and a value of 1 11001 11 isread, the time since interrupt is 28T. The value read 
is in two’s complement. 

Valueread =11100100 

Complement =00011011 

ADD 1 =00011100=28. 
Thus to arrive at the total elapsed time, merely do a two’s complement add to the original time written into the timer. 
Again, assume time written as 00 110100 (=52). With a divide by 8, total time to interrup is (52 x 8) +1 = 417T. 
Total elapsed time would be 416T + 28T = 444T, assuming the value read after interrupt was 11100100, 


After interrupt, whenever the timer is written or read the interrupt is reset. However, the reading of the timer at the 
same time the interrupt occurs will not reset the interrupt flag. 


Figure 5 illustrates an example of interrupt. 
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FIGURE 4. BASIC ELEMENTS OF INTERVAL TIMER 


RW A3 07 D6 D5 D4 D3 D2 01 DO RW Al 


INTERRUPT PROGRAMMABLE 
CONTROL REGISTEA 


D6 05 D4 D3 D2 01 00 
FIGURE 5. TIMER INTERRUPT TIMING 


Dr 


415 416 500 


. Data written into Interval timer s00110100=52j0 


. Data in Interval timer 5 00011001 = 2519 
52- a - 1 = 52-26-1 = 25 
. Data in Interval timer s00000000=010 
52 =; -1=52-51-1=0 
. Interrupt has occured at #2 pulse #416 
Data in Intervaltimer= 11111111 


. Data in Interval timer s 10101100 
two’s complement s01010100=8410 
84 + (52 x B) = 50010 


When reading the timer after an interrupt, A3 should be low so as to disable the IRQ pin. This is done so as to avoid 
future interrupts until another Write timer operation. 


ADDRESSING 


Addressing of the SY6530 offers many variations to the user for greater flexibility. The system may be configured 
with RAM in lower memory, ROM in higher memory, and 1/O registers with interval timers between the extremes. 
There are 10 address lines (AO-A9). in addition there is the possibility of 3 additional address lines to be used as chip- 
selects and to distinguish between ROM, RAM, I/O and interval timer. Two of the additional lines are CS1 and CS2. 
The chip-select pins can also be PB5 and PB6. Whether the pins are used as chip-selects or peripheral I/O pins is a mask 
option and must be specified when ordering the part. Both pins act independently of each other in that either or both 
bins may be designated as chip-select. The third additional address line is RS. In a 2-chip system, RS would be used to 
distinguish between ROM and non-ROM sections of the SY6530. With the addressing pins available, a total of 7K 
contiguous ROM may be addressed with no external decode. Below is an example of a 1-chip and a 7-chip SY6530 
addressing scheme. 


One-Chip Addressing 
Figure 6 illustrates a 1-chip system for the SY6530. 
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FIGURE 6. SY6530 ONE CHIP ADDRESS ENCODING DIAGRAM 


INT. TIMER SEL. 
A3 
INTERVAL 


X ındıcates mask programmıng 
ne. ROM select = CSI«RSO 
RAM select = CSioASO+AdeA7+A6 
VO TIMER SELECT = ESIeRSO-AIsAB-A7sAG 


Notice that AB ıs a don't care for 
RAM select 


The CS2/PBS pin functions ss PBS in this enarmple, 


Seven-Chip Addressing 


In the 7-chip system the objective would be to have 7K of contiguous ROM, with RAM in low order memory. The 7K 
of ROM could be placed between addresses 65,535 and 1024. For this case, assume A13, A14, and A15 are all 1.when 
addressing ROM, and O when addressing RAM or I/O. This would place the 7K ROM between addresses 65,535 and 
58,367. The 2 pins designated as chip-select or I/O would be mask programmed as chip-select pins. Pin RS would be 
connected to address line A10. Pins C51 and C52 would be connected to address lines All and A12 respectively. See 
Figure 7. 


The two examples shown would allow addressing of the ROM and RAM; however, once the I/O or timer has been 
addressed, further decoding is necessary to select which of the I/O registers is desired, as well as the coding of the 
interval timer. 


V/O Register - Timer Addressing 


Figure B illustrates the address decoding for the internal elements and timer programming. Address lines A2 distinguishes 
I/O registers from the timer. When A2 is high and I/O timer select is high, the I/O registers are addressed. Once the I/O 
registers are addressed, address lines Al and AO decode the desired register. 


When the timer is selected A1 and AO decode the divide by matrix. This decoding is defined in Figure 8. In addition, 
address A3 is used to enable the interrupt flag to PB7. 
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The addressing of the ROM select, RAM select and I/O timer select lines would be as follows: 
FIGURE 7. SY6530 SEVEN CHIP ADDRESSING SCHEME 
cs2 csı RSG 
A12 A11 A10 


{=} 
o 
_- 


SY6530 #1, ROM SELECT 
RAM SELECT 
/O TIMER 
SY6530 #2, ROM SELECT 
RAM SELECT 
/O TIMER 
SY6530 #3, ROM SELECT 
RAM SELECT 
YO TIMER 
SY6530 #4, ROM SELECT 
RAM SELECT 
/O TIMER 
SY6530 #5, ROM SELECT 
RAM SELECT 
/O TIMER 
SY6530 #6, ROM SELECT 
RAM SELECT 
/O TIMER 
SY6530 #7, ROM SELECT 
RAM SELECT 
V/O TIMER 


o0-00-00-00-00000000 
o0O-00-00000000-00-00 
-=-O X-0X-0X-0xX-0xX-0xX-0x% 
--xX-2-2X-2-X00xXoo0oxooxoox 
=-XOo0oxX00xX--2x--xX0o00x00x 


o0-00000-00000-00000 
OOX--.XOOX--XOO X-2-XO0O0X 


* RAM select for SY6530 #5 would read = Al2e Alio Alü« A9® AB« A7» A6 
FIGURE 8. ADDRESSING DECODE FOR I/O REGISTER AND TIMER 


ADDRESSING DECODE 
ROM RAM VO TIMER 
SELECT SELECT SELECT 
READ ROM Ö 
WRITE RAM 
READ RAM 
WRITE DDRA 
READ DDRA 
WRITE DDRB 
READ DDRB 
WRITE PER. REG. A 
READ PER. REG. A 
WRITE PER. REG.B 
READ PER. REG.B 


WRITE TIMER 
+ 1T 
+87 
+64T 
= 1024T 
READ TIMER 
READ INTERRUPT FLAG 
— = Don't care condition 
% Ag = 1 Enables IRQ to PB7 
A3 = 0 Disables IRQ to PB7 


oOOO0o000o000000- 
ooo00000-- 
--2.21212.21.2-.-000 
ooo0o0--2-.- 


ooo00000 
-=.-200--00 
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DOT OR NOTCH .600 man. (15.87) .625 
TO LOCATE (15.24 mm) (15.11) .595 
PIN NO. 1 } 


2ı 


‚155 max. 


2.020 max. {3.93 mm) 
— 


.190 man. 
14.82 mm) 


151.30 mm) 


+ 


.100 min. 
(2.54 mm) 


065 


040 TYP. 


922 
‚018 


‚310 man. 
(7.97 mm) 
_ 
POEER 


NE ‚010 min. 


1.910 (48.51 mm) (.25 mm) RES 
1.890 (48.00 mm) 


19 EQUAL SPACES 
.100 € TOL. NONCUM. cSI/PB6 


(2.54 mm) CS2/PBS 
NOTE: Pin No. 1 is in lower left corner when 
symbolization is in normal orientation Vcc 


PACKAGE OUTLINE 


IRQ /PB7 


PIN DESIGNATION 


PROGRAMMING INSTRUCTIONS 


The $Y6530 utilizes computer aided techniques to manufacture and test custom ROM patterns. The pattern and 
address coding is supplied to Synertek in any of several formats. 


1) -2708-type EPROMs. 
2) Synertek data card formats. 
3) Other input formats, providing they can be translated into one of the above. 


Synertek Data Card Format 
A. The format for the first and all succeeding records, except for the last record, in a file is as follows: 
;NINo A3A2A1Ao 2 IDıBolı (DıDol2a X3X2X1Xo 
where: 
1. All characters (N,A,D,X) are the ASCII characters O through F, each representing a hexadecimal digit. 
;is a record mark indicating the start of a record. 


N4No = the number of bytes of data in this record (in hexadecimal). Each pair of hexadecimal characters 
(D1Do) represents a single byte in the record. 

A3A2A1Ag = the hexadecimal starting address for the record. Ag represents address bits 15 through 12, etc. 
The 8-bit byte represented by (D4Do)1 is stored in address A3A2A1Ag; (D1Do)2 is stored in (Ag3A2A1Ao) 
+1, etc. 


{D1Dp) = two hexadecimal digits representing an 8-bit byte of data. (Dj = high order 4 binary bits and Dg = 
low-order 4 bits). A maximum of 18 (Hex) or 24 (decimal} bytes of data per record is permitted. 


X3X2X1Xo = record check sum. This is the hexadecimal sum of all characters in the record, including N1No 
and A3A2A}Ag but exclucing the record mark and the check sum characters. To generate the check sum, each 
byte of data (represented by two ASCII characters), is treated as 8 binary bits. The binary sum of these B-bit 
bytes is truncated to 16 binary bits (4 hexadecimal digits) and is then represented in the record as four ASCII 
characters (X3X2X1X0). 
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. The format for the last record in a file is as follows: 
00 Ca3C2CıCo X3X2X1Xo 
. 00 = zero bytes of data in this record. This identifies this as the final record in a file. 
2. C3C2C1Cg = the total number of records (in hexadecimal) in this file, including the last record. 


3..%3X2X1Xo0 = check sum for this record. 


. Example 


The following example illustrates the exact format of the hex interface file in both listing and punched paper tape 
form. 


;18F000CAB600ACOOFOFDFI212D21FF292DBF21I61 F5F7FF6570677D00D40 
;18F018E5646720FD7575E50000CF4112F8009251980200539192F20C98 
;18F030080802880810DE120894189AC2830E9800 FBB6232F087F650AAS 
;18F048036E20EF2FASBDA465EBFDFI3DE7 TSEF257FB5S20ED64657CODEB 
;18F0607F11DO5A1EDFO250BODAFEO09252909912DB108A0N298DEOBOCOD 
;18F078095058DF82D2D79AODOED65E68724EE05212764A5F5BDAIOSDE2C 
;I8F090EC2OFF652525246933213F20FF31293B7E18D065042DE40500A92 
;IBFOA8IESE5BO2534A53DE4AIBI8I259969F589IESEI2ZDF52DEIEIAOCA2 
;18F0C00083268D02400EF6765E7A0B5606725217D20AF35EDF5202F0C08 
;t8F0D8692525342B35256CDF12F2785FFF547FD2E206525BDF5A720D26 
;10F0OF0O12DBO2ZOFIAIABF86D2DAIADACBDECAIBOAI2 

;00000B000B 


ADDITIONAL PATTERN INFORMATION 


In addition to the ROM data patterns, it is necessary to provide the information outlined below. 


CUSTOMER NAME 

CUSTOMER PART NO. 

CUSTOMER CONTACT (NAME) 

CUSTOMER TELEPHONE NO. 

CS1/PB6 (ENTER "CS1’' OR "PB6”) 

CS2/PB5 (ENTER ''CS2’ OR ''PB5”) 

PULL-UP RESISTOR ON PB7 ("YES OR NO”) 
LOGIC FORMAT ("POS” OR "“NEG”) 


DEVICE ADDRESSING (Enter ’'H‘ for High, "L’ for Low, or ‘N’ for don't care) 


ROM SELECT 
RAM SELECT 


VO TIMER SELECT 


Send Information To: 


Synertek — ROM 
P.O. Box 552 
Santa Clara, CA 95052 
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SY6530 CUSTOMER SPECIFICATION FORM 


Date. 
Customer name. 


Customer part no. 
(maximum 10 digits) 


Synertek '’C” number. 
Customer Contact. 
Customer phone number 


Chip Select Code 
(Check one square in each block) 


csıl |] cs2] | 
PB6| | Pp85s| | 


PULL UP 
ON PB? 


ROM/RAM/I-O SELECTS (Specify Hor Lor N (don’t care) in each box. 


ROM SELECT 
RAM SELECT 
1/O SELECT 


Customer’s Input 


PunchedCards D 
Punched Tape D 


10. Data Format 


11. 


MOS Technology D 
Intel Hex Oo 


Intel BPNF OD 
Binary Oo 


Logic Format 


Positive D 
Negative D 


12. Verification Status 


Hold [m 
Not Rewired D 


G SYNERTEK" INC 
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commodore 


semiconductor group 


950 Rittenhouse Rd , Norristown, PA 19403 ® Tel. 215/666-7950 « TWX: 510/660-4168 
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THE 8532 CONCEPT— 


(MEMORY, I/O, TIMER ARRAY) 


The 6532 Is designed to operate In conjunction with the MCS650X Microprocessor Family. It is 
comprised of a 128 x 8 static RAM, two software controlled 8 bit bi-directional data ports allowing 
direct Interfacing between the microprocessor unlt and perlpheral devices, a software programmable 
Interval timer with Interrupt capable of timing In varlous Intervals from 1 to 262,144 clock periods, and 


a programmable edge detect cIrcult. 


FEATURES OF THE 6532 


® Bit bI-directional Data Bus for direct 
communication with the microprocessor 
Programmable edge-sensitive Interrupt 
128 x 8 static RAM 
Two 8 bit bi-directional data ports for 
Interface to peripherals 
Two programmable \/O Peripheral Data 
Direction Registers 
Programmable Interval Timer 
Programmable Interval Timer Interrupt 
TTL & CMOS compatible peripheral lines 
Peripheral pins with Direct Transistor 
Drive Capabillty 


ORDERING INFORMATION 
MXS 6532 


FREQUENCY RANGE 
NO SUFFIX = 1 MHz 
A=2 MHz 


PACKAGE DESIGNATOR 
C=CERAMIC 
P= PLASTIC 


« High Impedance Three-State Data Pins 
« 1MHz and 2MHz operation 


6532 PIN DESIGNATION 
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BLOCK DIAGRAM 


DATA 
DIRECTION 
DATA CONTROL 
BUS REGISTER 


A 
BUFFER 


OUTPUT 
REGISTER A 


CHIP 
SELECT 


R/W 
PERIPHERAL 


DATA 
BUFFER 
A 


INTERRUPT 
CONTROL 


INTERVAL 
TIMER PERIPHERAL 
DATA 
BUFFER 
B 


ADDRESS 
DECODERS 


OUTPUT 
REGISTER B 


DATA 
DIRECTION 
CONTROL 
REGISTER 
B 


MPS 6532 
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MAXIMUM RATINGS 


Supply Voltage 


Input/Qutput Voltage 


Operating Temperalure Aange 


Storage Temperature Range En EI WEEN 


All inputs contain protection circultry to prevent damage due to high static charges. Care should be 
exercised to prevent unnecessary application of voltage outside the specified range. 


ELECTRICAL CHARACTERISTICS (VCC = 5.09 + 5%, VSS = Ov, Ta = 0-70°C) 
CHARACTERISTIC ; 5 UNIT 


Input High Voltage v 


ne ee et 
Input Leakage Current; Vin = Voss + yA 
ee RS, RW, RES, ©2, CS1, C82 

-— =; 


Input Laskage Current for High Impedance State „A 
(Three State); Vin = .4v to 2.4v, DO-D7 

Input High Current; Vin = 2.47 „A 
PAD-PA7, PBO-PB7 


u 
= 
< 


Input Low Current; Vin = - IL mA 
PAO-PAT, PBO-PB7 
Ouiput High Voltage 

VCC = MIN, ILOAD < - 1004A(PAD-PAT, PBO-PB7, DO-D7) v55+2.4 vcc v 


Oulput Low Voltage 


VCC = MIN, LOAD < 1.6MA 


Output High Current (Soureing); 
VOH > 2.4 (PAO-PA7, PBO-PB7, DO-D7) - 1000 


Output Low Current (Sinking}; VOL < .4v (PAO-PAT) (PBO-PBN) a 30 


Clock Input Capacitance 


Sn I BE BEE 


Stone Son 
em - [=] 


pt 


768 


WATTE TIMING CHARACTERISTICS 


CLOCK INPUT 


ADDRESS 


DATA BUS 


PERIPHERAL 
DATA 


READ TIMING CHARACTERISTICS 


CLOCK INPUT 


ADDRESS 


PERIPHERAL 
DATA 


DATA BUS 


THw 


D 


Tocw. Tcpw m — nn nn 70-100 -30% 


2.47 
me “ rs 
av 04V 


TcMoS 


769 


WRITE TIMING CHARACTERISTICS 


CHARACTERISTIC SYMBOL!MIN. 


ToyYc 
Rise & Fall Times TR, TF 
Clock Pulse Width Tec [am | 


RW valid before positive transition of 

clock TWCW 
Address valld before positive transition 

of clock TACW 180 
Data Bus valid before negative transition 

Free clock e 


Data Es Hd TImU—— | Bus Hold Time THw | 


Peripheral data valid after negative 
transition of clock driving CMOS 
(Level = VCC - 30%) 


READ TIMING CHARACTERISTICS 


FW valid before positive transition of 
clock TWCR | 180 
Address valld before positive transition of 
clock TACR 180 
Peripheral data valid before positive 
transition of clock TPCR 
Data Bus valid after positive transition of 
en re 


[Data Es Hd Timd——| Bus Hold Time 


IRQ valld before positive transition of 
clock 


Loading = 30 pf + 1 TTL load 
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INTERFACE SIGNAL DESCRIPTION 


Reset (RES) 


During system Initlalization a logic “0” on the RES Input will cause a zeroing of all four /O registers. This 
In turn will cause all VO buses to act as inputs thus protecting external components from possible damage 
and erroneous data while the system Is being configured under software control. The Data Bus Buffers are 
put into an OFF-STATE during Reset. Interrupt capability is disabled with the RES signal. The RES signal 
must be held lIow for at least one clock period when reset is required. 


Input Clock 
The input clock is a system Phase Two clock which can be either a low level clock (ViL < 0.4, ViL > 2.4) or high 
level clock (ViL < 0.2, VIH = Vcc we 


Read/Write (R/W) 

The R/W signal is supplied by the microprocessor array and Is used to control the transfer of data to and 
from the microprocessor array and the 6532. A high on the R/W pin allows the processor to read (with proper 
addressing) the data supplied by the 6532. A low on the R/W pin allows a write (with proper addressing) to 
the 6532. 


Interrupt Request (IRÖ) 

The IRQ pin is an interrupt pin from the interrupt control logic. The pin will be normally high with a low in- 
dicating an interrupt from the 6532. An external pull-up device is required. The IRQ pin may be activated by a 
transition on PA7 or timeout of the interval timer. 


Data Bus (DO-D7) 

The 6532 has eight bi-directional data pins (DO-D7). These pins connect to the system's data lines and 
allow transfer of data to and from the microprocessor array. The output buffers remain in the off state ex- 
cept when a Read operation occurs and are capable of driving one standard TTL load and 130 pf. 


Peripheral Data Ports 

The 6532 has 16 pins available for peripheral /O operations. Each pin is individually software program- 
mable to act as either an input or an output. The 16 pins are divided into 2 B-bit ports, PAO-PA7 and PBO-PB7. 
PA7 also has other uses which are discussed in later sections. The pins are set up as an input by writing a 
“0” into the corresponding bit of the data direction register. A 1” into the data direction register will cause 
Its corresponding bit to be an output. When in the input mode, the peripheral output buffers are in the “1” 
state and pull-up device acts as less than one TTL load to the peripheral data lines. On a Read operation, the 
microprocessor unit reads the peripheral pin. When the perlpherai device gets information from the 6532 it 
recelves data stored In the data register. The microprocessor will read correct information if the peripheral 
lines are greater than 2.0 volts for a "1" and less than 0.8 volts for a “0” as the peripheral pins are all TTL 
compatible. Pins PBO-PB7 are also capable of sourcing 3 ma at 1.5v, thus making them capable of Dar- 
lington drive. 


Address Lines (A0-A6) 

There are 7 address pins. In addition to these 7, there is 9 RAM SELECT pin. These pins, AO-A6 and RAM 
SELECT, are always used as addressing pins. There are two additional pins which are used as CHIP 
SELECTS. They are pins CS1 and CS. 
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INTERNAL ORGANIZATION 


A block diagram of the Internal architecture Is shown In Figure 1. The 6532 Is divided Into four basic sec- 
tions, RAM, VO, TIMER, and Interrupt Control. The RAM Interfaces directly with the microprocessor through 
the system data bus and address lines. The I/O section consists of two 8-bit halves. Each half contalns a 
Data Direction Register (DDR) and an l/O Reglster. 


RAM—128 Bytes (1024 Bits) 

The 128 x 8 Read/Write memory acts as a conventional static RAM. Data can be written Into the RAM from 
the microprocessor by selecting the chip (CS1=1, C52=0) and by setting AS to a logic O (0.4v). Address 
lines AO through A6 are then used to select the desired byte of storage. 


Internal Peripheral Registers 

The Perlpheral A I/O port consists of elght IInes which can be Individually programmed to act as elther an 
Input or an output. A logic zero In a bit of the Data Directlon Register (DDRA) causes the corresponding line 
of the PA port to act as an Input. A loglc one causes the corresponding PA line to act as an output. The 
voltage on any line programmed to be an output Is determined by the corresponding bit In the Ouiput 
Register (ORA). 


Data Is read directly from the PA pIns during any read operation. For any output pin, the data transferred Into the 
processor will be the same as that contalned In the Output Register If the voltage on the pIn Is allowed to go to 2.4v 
for a loglc one. Note that for input lines, the processor can write Into the corresponding bit of the Output Register. 
This will not affect the polarlty on the pin until the corresponding bit of DDRA is set to a logic one to allow the 
peripheral pin to act as an output. 


In addition to aciiIng as a peripheral /O line, the PA7 Iine can be used as an edge-detecting Input. In this mode, 
an active iransition will set the internal Interrupt flag (bit 6 of the Interrupt Flag register). Seiting the Interrupt flag 
will cause IRQ output to go low If the PA7 Interrupt has been enabled. The PA7 line should be set up as an Input for 
this mode. 


Control of the PA7 edge detecting mode Is accomplished by writing to one of four addresses. In this operation, 
AO controls the polarity of the active transition and A1 acts to enable or disable interrupting of the processor. The 
data which Is placed on the Data Bus during this operation Is discarded and has no effect on the control of PA7. 


Setting of the PA7 interrupt flag will occur on an active transition even If the pin is being used as a normal Input 
or as a perlpheral control output. The flag will also be set by an active transition If Interrupting from PAT Is dis- 
abled. The reset signal (RES) will disable the PA7 Interrupt and will set the active transition to negative (high to 
low). During the system inltlalization routine, It Is possible 10 set the interrupt flag by a negative transition. It may 
also be set by changing the polarity of the active Interrupt. It Is therefore recommended that the Interrupt flag be 
cleared before enabling Interrupting from PA7. 


Clearing of the PA7 Interrupt Flag occurs when the microprocessor reads the Interrupt Flag Register. 


The operation of the Perlpheral B Input/Output port is exactly the same as the normal YO operation of the 
Perlpheral A port. The elght lines can each be programmed to act as either an input or as an output by placing a0 
or a 1 Into the Data Direction register (DDRB). In the output mode, the voltage on a peripheral pin Is controlled by 
the Output Register (ORB). 


The primary difference between the PA and the PB ports Is In the operalion of the output buffers which drive 
these pins. The buffers are push-pull devices which are capable of sourcing 3 ma at 1.5v. This allows these pIns to 
directly drive transistor switches. To assure that the microprocessor will read proper data on a “Read PB” opera- 
tion, sufficient logic Is provided In the chip to allow the microprocessor to raad the Output Register Instead of 
reading the peripheral pin as on the PA port. 
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Interval Timer 


The Timer section of the 6532 contains three basic parts: preliminary divide down register, programmable 8-bit 
register and Interrupt logic. 


Figure 2. BASIC ELEMENTS OF INTERVAL TIMER 


AM PAT AS 07 D6 DS D4 03 D2 DI DO RW Al AD 


INTERRUPT 
CONTROL 


PROGRAMMABLE 
REGISTER 


07 DE DS D4 D3 D2 D1 00 


The Interval time can be programmed to count up to 255 time intervals. Each time interval can be either 1T, 8T, 
64T or 1024T Increments, where T is the system clock period. When a full count is reached. an interrupt flag is set 
to a logic “1”. After the interrupt flag is set the internal clock begins counting down to a maximum of — 255T. Thus, 
after the interrupt flag is set, a Read of the timer will tell how long since the flag was set up to a maximum of 255T. 


The B bit system Data Bus is used to transfer data to and from the Interval Timer. If a count of 52 time intervals 
were to be counted, the pattern 0 0 1 1 0 100 would be put on the Data Bus and written into the Interval Time 
register. 


At the same time that data is being written to the Interval Timer, the counting intervals of 1, 8, 64, 1024T are 
decoded from address lines AO and A1. During a Read or Write operation address line A93 controls the interrupt 
capability; l.e., A, = 1enables IRQ, A, = O disables IRQ. When the timer is read prior to the interrupt flag being set, 
the number of time intervals remaining will be read, i.e., 51, 50, 49, etc. 


When the timer has counted thru 00000000.0n the next count time an interrupt will occur and the counter will 
read 1111111 1. After interrupt, the timer register decrements at a divide by ''1" rate of the system clock. If after 
interrupt, the tImer is read and a value of 11100100 is read, the time since inlerrupt is 27T. The value read is in 
two's complement, but remember that interrupt occurred on count number. Therefore, we must subtract 1. 

Vawe read = 11100100 


Complement =00011011 


ADD 1 =00011100 = 28 Equals two’s complement of register 


SUB 1 =00011011 


27 
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Thus, to arrlve at the total elapsed time, merely do a two’s complement add to the original tIme written into the 
timer. Again, assume time written as00 110 100(=52). With a divide by 8, total time to Interrupt Is (52x8) + 1 = 
417T. Total elapsed time would be 416T + 28T = 444T, assuming Ihe value read after interrupt was 11100100. 


After the Interrupt, whenever the timer is written or read the interrupt is reset. However, the reading of the timer 
at the same time the interrupt occurs will not reset the interrupt flag. When the inlerrupt llags are read (DB7 for the 
timer, DB6 for edge detect) data bus lines DO-D5 go to 0. 


Figure 3. TIMER INTERRUPT TIMING 


0) ® ® © © 


an [) 1 2 3 20 218 as a8 soo sor 


1. Data written inlo interval timers Ss 00110100 = 52, 
2. Data in Inlerval timer is 00011001 = 25, 


5229 =52.261=25 


3. Data in Inlerval timer s 00000000=0, 
524,91 =52:51-1=0 


4. Interrupt has occurred at 02 pulse #416 
Data In Interval timer=11111111 

5. Data in Interval timer is 10101100 
two’s complement is01010100=84, 


84 + (52xB) = 500,. 


When reading the timer after an interrupt, A3 should be low so as lo disable the IRQ pin. This is done so as to 
avoid future interrupts until after anolher Write operation. 


Interrupt Flag Register 
The Interrupt Flag Register consists of two bits: the timer interrupt flag and the PA7 interrupt flag. When a read 


operation is performed on Ihe Interrupt Flag Register, the bits are transferred to Ihe processor on the data bus, as 
the diagram below, indicates. 


Figure 4. INTERRUPT FLAG REGISTER 
RARREIEIERZIESEN 
neo 
At PATF ua 


TIMER FLAG 


The PAT flag is cleared when the Interrupt Flag Regisler is read. The timer flag is cleared when the timer register 
is either written or read. 
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ADDRESSING 


Addessing of the 6532 is accomplished by the 7 addressing pins, the RS pin and the two chip select pins CS1 
and C52. To address the RAM, CS1 must be high with C52 and RS low. To address the /O and Interval timer CS1 
and RS must be high with CS2 low. As can be seen to access the chip CS1 is high and CS2 is low. To distinguish 
between RAM or I/O Timer the AS pin is used. When this pin is low the RAM is addressed, when hign the I/O Inter- 
val timer section is addressed. To distinguish between timer and l/O address line A2 is utilized. When A2 is high the 
interval timer is accessed. When A2 is Iow the JO section is addressed. Table 1 illustrates the chip addressing. 


Edge Sense Interrupt 

In addition to its use as a peripheral W/O line, the PA7 pin can function as an edge sensitive input. In this mode, 
an active transition on PA7 will set the internal interrupt flag (bit 6 of the Interrupt Flag Register). When this occurs, 
and providing the PA7 interrupt is enabled, the [AG output will go low. 


Control of the PA7 edge detecting loglc Is accomplished by performing a write operation for one of four ad- 
dresses. The data lines for this operation are “don't care” and the addresses to be used are found in Figure 4. 


The setting of the internal interrupt flag by an active transition on PA7 Is always enabled, no matter whether PA7 
Is set up as an input or an output. 


The RES signal disables the PA7 Interrupt and sets the active transition to the negative edge-detect state. During 
the reset operation, the interrupt flag may be set by a negative transition. It may, therefore, be necessary to clear 
the flag before its normal use as an edge detecting Input is enabled. This can be achieved by reading the Interrupt 
Flag Register, as deflned by Figure 4 immediately after reset. 


VO Reglister—Timer Addressing 

Table 1 illustrates the address decoding for the internal elaments and timer programming. Address line A2 
distinguishes l/O registers from the timer. When A2 is low and RS is high, the I/O registers are addressed. Once the 
IO registers are addressed, address lines A1 and AO decode the desired register. 


When the timer is selected At and AO decode the "divide-by" matrix. This decoding Is defined In Table 1. In addi- 
tlor, Address A3 is used to enable the Interrupt flag to IRQ. 


Table 1: ADDRESSING DECODE 


OPERATION 


Write AAM 

Rasd RAM 

Write DDRA 

Read DDRA 

Write DORB 

Read DDRB 

Write Output Reg A 
Read Output Reg A 
Write Output Reg B 


oeo>oooo000]| | 
-+-00-=-o00|| 
oooo--=->-[|| 


--0000 
-=0o-20-.0 


Read Interrupt Flagis) 
Write Edge Detect Control 


@I1--oo 


o 
S 


NOTES:— = Don't Care, "1" = High Ievel (>2.4V).0" = Low tevel (< 0.4V) 


(a) A3=0 to disable Interrupt from timer to IRÜ 
A9 = 1 to enable interrupt from timer 10 | 

(b) A1=0 to disabie Interrup! from PA7 to TRO 
At = 1 10 enabte Interrupt from PA7 to IRO 

(c) AD =0 for negative edge-detect 
AD = 1 for positive odge-deteci 
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6545-1 CRT Controller (CRTC) 


CONCEPT 

The 6545-1 is a CRT Controller intended to provide capability for interfacing the 6500/6800 
microprocessor families to CRT or TV-lype raster scan displays. A unique feature is the inclusion of 
several modes of operalion, so that the system designer can configure Ihe systern wilh a wide 
assortment of techniques. 


FEATURES: 
«Single +5 volt (45%) power supply. External light pen capability. 
„ Alphanumeric and limited graphics Capable of addressing up to 16K character 
capatbilities. video display RAM. 
= Fully programmable display (rows, columns, No DMA required. 
blanking, etc.). Pin-compatible with MC6845. 
«Non-interlaced scan. Row/Column or straight-binary addressing 
a 50/60 Hz operalion. for video display RAM. 
a Fully programmable cursor. Internal 8-bit status register. 


i 
oO 
: 
2 
E 


ORDERING INFORMATION 


MXS 6545-1 1 MHz 
MXS 6545A-1 2 MHz 


65451 PIN DESIGNATION 


CC1/MAI 
CC2/MA2 
CC3/MA3 
CC4/MA4 
CC5/MAS 
CC6/MA6B 
CC7/MA7 
CAO/MAB 
CR1/MA9 
CR2/MA10 
CR3/MA11 
CR4/MA12 
CRS/MA13 
DISPLAY ENABLE 
CURSOR 


Vcc 


osouaAon- 


o 


PACKAGE DESIGNATOR 
C = CERAMIC 
P=PLASTIC 


[Io E ERIUHEE EEE SCRFAGE VEREN SEE UEEFBE 
oveeso9oun2oamnm-—0o 
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MAXIMUM RATINGS COMMENT 

Supply Voltage, Vec —0.3V to +7.0V Stresses above those listed under "Absolute Maximum 
Inpuy/Output Voltage, VIN —0,3V to +7.0V Ratings" may cause permanent damage to the device. 
Operating Temperature, TOP 0°C to 70°C These are siress ratings only. Functional operation of this 
Storage Temperature, TSTG -55°C to 150°C device at these or any olher conditions above those indi- 
Allinputs contain protection circuitrylo preventdamagedue cated in Ihe operational seclions of this specilication is not 
to high static discharges. Care should be exercised to implied and exposure Io absolute maximurf rating condi- 
prevent unnecessary application of voltages inexcess oflhe tions for extended periods may affect device reliability. 
allowable limits. 


ELECTRICAL CHARACTERISTICS (vcc = 5.0V # 5%, Ta = 0 to 70°C, unless otherwise noted) 


Characteristic 


Input High Voltage 


Input Low Voltage 


Input Leakage (82, R/w, CS, RS, LPEN, CCLK) 


Three-State Input Leakage (DBO-DB7) 
VIN = 0.4 t0 2.4V 


Output High Voltage 
ILOAD = 205uA (DB0-DB7) 
ILOAD = 10014 (all others) 


Output Low Vollage 
ILOAD = 1.65mA 


Power Dissipalion 


Input Capacitance_ 
82. R/w, RES, CS, RS, LPEN, CCLK 
DBO-DB7 


INTERFACE DIAGRAM 
MPU 1/F 
HSYNC 
DB0-D8r (Ch VEYRC 
02 DISPLAY ENABLE 
Riw 65451 CRTC CURSOR 
[0x3 LPEN 
RS CCLK 


RES 
Mao MAIa RAORAS 
REFRESH RAM AND CHARACTER ROM 
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MPU BUS INTERFACE CHARACTERISTICS 
WAITE CYCLE 


WRITE TIMING CHARACTERISTICS 
(vcc = 5.0V + 5%, Ta = 0 lo 70°C, unless otherwise noled) 


Characteristic 
Cycle Time 

#2 Pulse Width 
Address Set-Up Time 
Address Hold Time 


RW Set-Up Time 


R/W Hold Time 


Data Bus Set-Up Time 


Data Bus Hold Time 


(tr and y = 10 to 30 ns) 


MPU BUS INTERFACE CHARACTERISTICS 
READ CYCLE 


DATA BUS 


READ TIMING CHARACTERISTICS 
(vcc = 5.0V + 5%, TA = 0 to 70°C, unless otherwise noted) 


Characteristic 
Cycle Time 

2 Pulse Widih 
Address Set-Up-Time 
Address Hold Time 
R/w Set-Up Time 
Read Access Time 


Read Hold Time 


Data Bus Active Time (Invalid Data) 


{tr and f = 10 t0 30 ns) 
MEMORY AND VIDEO INTERFACE CHARACTERISTICS 
(vcc = 5.0V + 5%, TA = 0 to 70°C, unless otherwise noted) 


IccY 


ISCH —| MAO-MA13 
RAO-RA4 
CCLK DISPLAY-ENABLE 


x HSYNC 
VSYNC 
OUTPUTS 


SYSTEM TIMING 
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LIGHT PEN STROBE TIMING DEFINITIONS 


NOTE: "Sale" time position for LPEN positive edge io cause 
address n+2 10 load into Light Pen Register. 
tLp2andtLpı arelime positions causing uncerlain results. 


SYSTEM TIMING PARAMETERS (Vcc = 5.0V + 5%, Ta = 0 to 70°C, unless otherwise noted) 


Characteristics 

Character Clock Cycle Time 
Character Clock Pulse Width 
MAO-MA13 Propagation Delay 
RAO-RA4 Propagation Delay 
DISPLAY ENABLE Propagation Delay 
HSYNC Propagation Delay 
VSYNC Propagation Delay 
CURSOR Propagalion Delay 
LPEN Hold Time 

LPEN Set-up Time 

CCLK Io LPEN Delay 


I. 4 = 20 ns (max} 
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MPU INTERFACE SIGNAL DESCRIPTION 


g2 (Clock) 


The input clock is the system 82 clock and is used to trigger 
all data transfers between the system microprocessor and 
the 6545-1. 


R/W (Read/Write) 


The RW signal is generated by the microprocessor and is 
used to control the direction of data transfers. A high on the 
RW pin allows the processor to read the data supplied by 
the 6545-1; a lowon the R/w pin allows awrite to the 6545-1. 


CS (Chip Select) 


The Chip Select input is normally connected to the pro- 
cessor address bus either directlyorthrough a decoder. The 
6545-1 is selecled when CS is low. 


RS (Reglater Select) 


The Register Select input is used to access internal registers. 
A low on this pin permits writes into the Address Register 
and reads Irom the Status Register. The contents of the 
Address Register is the identity of the register accessed 
when RS is high. 


DBoO-DB7 (Data Bus) 


The DBo-DB7 pins are the eight data lines used for transfer 
of data between the processor and the 6545-1. These lines 
are bi-directional and are normally high-impedance except 
during read cycles when the chip is selected. 


VIDEO INTERFACE SIGNAL DESCRIPTION 


HSYNC (Horizontal Sync) 


The HSYNC signal is an aclive-high output used to deter- 
mine the horizontal position of displayed text. It may drive a 
CRT monitor directly or may be used for composite video 
generation. HSYNC’ time position and width are fully 
Programmable. 


VSYNC (Vertical Sync) 


The VSYNC signal is an active-high output used to deter- 
mine the verlical position of displayed text. Like HSYNC, 
VSYNC may be used 10 drive a CRT monitor or composite 
video generation circuits. VSYNC position and width are 
both fully programmable. 


DISPLAY ENABLE 


The DISPLAY ENABLE signal is an active-high outputandis 
used to indicate when the 6545-1 is generalting active 
disptay inlormation. The number of horizontal displayed 
characters and the number of vertical displayed characters 
are both fully programmable and together are used to 
generate Ihe DISPLAY ENABLE signal. Display Enable can 
be delayed by one character time by setting bit 4 ofRBtoa 
“on 
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CURSOR 


The CURSOR signal is an active-high output and is used lo 
indicate when the scan coincides with the programmed 
cursor position. The cursor position may be programmed to 
be any character in the address lield. Furthermore, within ihe 
character, ihe cursor may be programmedto beanyblock.of 
scan lines, since Ihe start scan line and the end scan lineare 
both programmable. TheCURSOR position may be delayed 
by one characler time by setting bit 5 ol Aß to a "1." 


LPEN 


The LPEN signal is an edge-sensitive input and is used io 
load the internal Light Pen Register with the contents of Ihe 
Refresh Scan Counter at Ihe time the active edge occurs. 
The active edge of LPEN is Ihe low-to-high transition. 


CCLK 


The CCLK signal is the character timing clock input and is 
used as Ihe time base for all internal countycontrol functions. 


RES 

The RES signal is an active-low inpul used to initialize all 
internal scan counter circuits. When RES is low, all internal 
counters are stopped and cleared, all scan and video 
outputs are low, and control registers are unaffected. RES 
must stay low for atleastone CCLK period. All scan timing is 
initiated when RES goes hign. In this way, RES can be used 
to synchronize display frame timing wilh line frequency. 


MEMORY ADDRESS SIGNAL DESCRIPTION 


MAO-MA13 (Refresh RAM Address Lines) 


These signals are active-high outpuls and are used 10 
address the Refresh RAM for character storage and display 
operations. The starting scan address is fully programmable 
and the ending scan address is determined by the total 
number of characters displayed, which is also program- 
mable, in terms of characters/line and lines/frame. 


There are two selectable address modes for MAO-MA13: 


In the straight binary mode, characters are stored in suc- 
cessive memory locations. Thus, the software must be 
designed so thal row and column character co-ordinates 
are translated into sequentially-numbered addresses. In Ihe 
row/column mode MAO-MA7 become column addresses 
CC0-CC7 and MAB-MA13 become row addresses CRO- 
CR3. In this case, Ihe software can manipulate characters in 
terms of row and column locations, but additional address 
cornpression circuits are needed to convert the CCO-CC7 
and CRO-CR5 addresses into a memory efficient binary 
address scheme. 


RAO-RA4 (Raster Address Lines) 


These signals are active-high outputs and are used to select 
each raster scan within an individual character row. The 
number of raster scan lines is programmable and deter- 
mines the character height, including spaces between 
character rows. 


DESCRIPTION OF INTERNAL REGISTERS 


Figure 1 illustrates Ihe formatof atypicalvideo displayandis 
necessary to understand the functions ol the various 6545-1 
internal registers. Figure 2 illustrates vertical and horizontal 
timing. Figure 3 summarizes the internal registers and indi- 
cales their address selection and read/write capabilities. 


Address Register 


This is a 5-bil register which is used as a "pointer" to direct 
6545-1 data translers to and Irom ihe system MPU. Iis 
contents is Ihe number of the desired register (0-31). When 
RS is low, Ihen Ihis register may be Ioaded; when RS is high, 
then the register selected is Ihe one whose identity is stored 
in this register. 


Status Register 


This register is used to monitor the status ofthe CATC, as 
follows: 


[alelsisjelzlılo 


oT J L nor useo I 


VERTICAL BLANKING 
"0" Scan currently not in vertical blanking portion 


A Ita timing 
"1" Scan currently la In Its vertical blanking time 


LPEN REGISTER FULL 

“O* This bit goes to "0* whenever either register 
A186 or R17 Is raad by the MPU 

"1" This bit goes to "1" whenever a LPEN strobs 
o0curs 


Be HOR TOTAL 
HOR DISPLAYED —ı 


[eIHfılsIetch I IT] } 
HERE 


VERT 
DISPLAYED 


Horizontal Total (RO) 


This 8-bit register contains the total of displayed and 
non-displayed characters, minus one, per horizontalline. 
The frequency of HSYNC is Ihus determined by this 
register. 


Horizontal Displayed (R1) 


This 8-bit register contains the number of displayed 
characters per horizontal line. 


Horlzontal Sync Poeltion (R2) 


This 8-bit register contains the position of Ihe HSYNC on 
the horizontal line, in terms of Ihe character location 
number on {he line. The position of Ihe HSYNC deter- 
minestheleft-to-right location ofihe displayed texton the 
video screen, In this way, the side margins are adjusted. 


SCAN 
UNES 


NUMBER OF 
SCAN LINES 


PER 
CHARACTER 
ROW 


Figure 1. Video Dieplay Format 
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Control of these parameters allows the 6545-1 to be 
interlaced to a varietyofCRT monitors, sincethe HSYNC 
and VSYNC timing signals may be accommodaled 
without the use of external one-shot timing. 


Horizontal and Vertical SYNC Widthe (R3) 


This 8-bit register contains the widths of both HSYNC 
and VSYNGC, as follows: 


BOBHEGHE 


218421 


m m 
VSYNC WIDTH* HSYNC WIDTH 
j 


Vertical Total (R4) 


The Vertical Total Register is a 7-bit register containing 
the total number of character rows in a frame, minus one, 
This register, along with R5, determines the overall frame 
rate, which should be close Io the line frequency to 
ensure flicker-free appearance. If the frame time is 
adjusted to be longer than the period of the line fre- 
quency, then AES may be used to provide absolute 
synchronism. 


{NUMBER OF SCAN (NUMBER OF CHARACTER 
LINES) CLOCK TIMES) 


"IF BITS 4-7 ARE ALL "0°, THEN VSYNC WILL BE 
18 SCAN LINES WIDE. 


| RegisterBt | | RegisterBt | 
Register Name 76543210 


XXXXXXXX 


Reg.No. X X AqAgA2AI AO 
VXXXXX 


Address Reg. 
Status Reg. 

Horiz. Total # Charac. 
Horiz. Displayed # Charac. 
# Charac. 


VSYNC, HSYNC Widtns | $ Jean Hnes & 


Horiz. Sync Position 


Vert. Total # Charac. Row 


Vert Total Adjust. 
Vert. Displayed 

Verl. Sync Position 
Mode Control 

Scan Line 

Cursor Start 

Cursor End 

Display Start Addr (H) 
Display Start Addr (L) 


Cursor Position (H) 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Cursor Position (L) 


Light Pen Reg. (H) 


_ 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Light Pen Reg. (L) 


* Scan Lines 
# Charac. Rows 


# Charac. Rows 


# Scan Lines 
Scan Line No. 


Scan Line No. 


Notes » Designates binary bit 
X Designates unusued bit. Reading this bit is always "O”, except tor 

A931, which does not drive the dala bus al all, and for CS "1" 
which operales likewise. 


Figure 3. Internal Register Summary 
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Vertical Total Adjust (A5) 


The Vertical Total Adjust Register is a 5-bit wrile only 
register containing the number ol additional scan lines 
neededto complete anentireframescan and is intended 
as a line adjustment for the video frame time. 


Vertical Displayed (R6) 


This 7-bit register contains the number of displayed 
character rows in each frame. in this way, the verlical size 
of the displayed text is determined. 


Vertical Sync Position (R7) 


This 7-bit register is used to selectthe character rowtime 
at which the VSYNC pulse is desired io occur and, thus, 
is used to position the displayed text in the vertical 
direction. 


Mode Control (R8) 


This register is used to select the operating modes ofthe 
6545-1 and is outlined as follows: 


Bit 


OPERATION 


Non Interlace 


«Timm BoNorus | 


VIDEO DISPLAY RAM ADDRESSING 
“Oo for straight Binary 
“1" for Row/Column 


MUST PROGRAM TO “0” 


DISPLAY ENABLE SKEW 
“0” for no delay 
*1" to delay Display Enabte one character time 


“1” to delay Cursor one character time 


F NOT USED 


Scan Line (R9) 


This 5-bit register contains the number of scan lines per 
character row, including spacing. 
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Cursor Start (R10) and Cursor End (R11) 


These 5-bit registers selecithe starting and ending scan 
lines for the cursor. In addition, bits 5 and 6 of R1iO are 
used to select Ihe cursor mode, as follows: 


CURSOR MODE 


No Blinking 

No Cursor 

Blink at 1/16 field rate 
Blink at 1/32 field rate 


Nole that the ability to program both the start and end 
scan line for the cursor enables either block cursor or 
underline to be accommodated. Registers R14 and R15 
are used to control the character posilion of Ihe cursor 
over the entire 16K address field. 


Display Start Addresse High (R12) and Low (R13) 


These registers together comprise a 14-bit register 
whose contents is the memory address of the first 
character ofthe displayed scan (the character on ihetop 
left of the video display, as in Figure 1). Subsequent 
memory addresses are generated by Ihe 6545-1 asa 
result of CCLK input pulses. Scrolling of ihe display is 
accomplished by changing R12 and R13 to the memory 
address associated with the first characterofihedesired 
line of lext to be displayed lirst. Entire pages of text may 
be scrolled or changed as well via R12 and R13. 


Cursor Position High (R14) and Low (R15) 


These registers together comprise a 14-bit register 
whose contents is Ihe memory address of ihe current 
cursor position. When Ihe video display scan counter 
(MA lines) matches the contents of this register, and 
when the scan line counter (RA lines) falls within the 
bounds set by R10 and R11, then the CURSOR output 
becomes active. Bit 5 ofthe Mode Control Register (AB) 
may be used to delay the CURSOR outputbyaltullCCLK 
time to accommodate slow access memories. 


LPEN High (R16) and Low (R17) 


These registers together comprise a 14-bit register 
whose contents is the light pen strobe position, in terms 
olthe video display address at which the strobe occurred. 
When he LPEN input changes from low to high, then, on 
the next negative-going edge ol CCLK, the contents of 
Ihe internal scan counter is stored in registers A16 and 
R17. 


DETAILED DESCRIPTION OF OPERATION 


Register Formats 


Register pairs R12/R13, R14/R15, and R16/R17 are for- 
matted in one of two ways: 


1. Straight binary if register R8, bit 2 is a "0". 


2. Row/Column ifregister RB,bit2 isa“1”.Inthiscase he 
low byte is the Character Column and the high byte is 
the Character Row. 


Figure 4 illustrates the address sequence for the video 
display control for each mode. 


Note from Figure 4 Ihat Ihe straight-binary mode has the 
advanlage that all display mernory addresses are storedina 
continuous memory block, starting with address 0 and 
ending at 1919. The disadvantage with this method is that, if 
it is desired to change a displayed character location, the 
row and column identity ofthe location must be converted to 
its binary address before the memory may be written. The 
row/column mode, on the other hand, does not need to 
undergo this conversion. However, memory is not used as 
efficientiy, since the memory addresses are not continuous, 
but gaps exist. This requires that the system be equipped 
with more memory than is actually used and this extra 
memory is wasted. Alternatively, address compression logic 
may be employed to translate Ihe row/column format into a 
continuous address block. 


TOTAL — % ——— 


In Ihis way, the user may select whichever mode is best for 
the given application. The trade-ofls between Ihe modes are 
software versus hardware. Straighl-binary mode minimizes 
hardware requirements and row/column requires minimum 
software. 


Memory Contentlon Schemes 
tor Memory Addressing 


From the diagram ol Figure 4, it is clear that both the 6545-1 
and the system MPU must be capable of addressing Ihe 
video display memory. The 6545-1 repetilvely feiches 
character informalion to generate the video signals in order 
to keep Ihe screen display active. The MPU occasionally 
accesses the memory to change the displayed information 
or lo read out current data characters. Three ways of 
resolving this dual-contention requirements are apparent 


© MPU Priority 


In this technique, the address lines to the video display 
memory are normally driven by the 6545-1 unless the 
MPU needs access, in which case the MPU addresses 
immediately override those from the 6545-1 and Ihe 
MPU has immediate access. 


61/62 Memory Interleaving 

This method permits both Ihe 6545-1 and tne MPU 
access to the video display memory by lime-sharing via 
the system 01 and @2 clocks. During Ihe @1 portion of 
each cycle (the time when 92 is low),the 6545-1 address 


TOTAL— 9 GE en] 


fr = = aM ADDRESS (MAO-MA7) 


Be Zelle 
° nn 


DISPLAY — 
_ 2 


TOTAL — 34 


STRAIGHT BINARY ADDRESSING SEQUENCE 


TOTAL — 34 
ROW ADDRESS (MAB-MA 13) 


a 


Kl 
In 
»s 


DISPLAY — 24 


| 
keiamesf 1 festenler sten 
ROW/COLUMN ADDRESSING SEQUENCE 


E 


Figure 4. Display Address Sequences (with Start Address = 0) for 80 x 24 Example 


6545-1 
CAT CONTROLLER 


CHARACTER 
DATA 


CIACUITS 


CHARACTER 
GENERATOR u 
ROM SCAN LINE 
DOT PATTERN 


Figure 5. Typlical Systen Configuration 
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outputs are gated to the video display memory. In the 2 Cursor and Display Enable Skew Control 
time, the MPU address lines are switched in. In this way Bits 4 and 5 of the Mode Control regi 

h s egister (RB) are used to 
both the 6545-1 and the MPU have unimpeded access delay the Display Enable and Cursor outputs, respectively. 
to the memory. Figure 6 illustrates the limings. Figure 7 ilustrates Ihe effect of the delays. 


MPU CYCLE MPU CYCLE 


Figure 6. 1/2 Interleaving 


© Vertical Bianking 


With this approach, the address circuitry is identical to 
the case for MPU Priority updates. The only difference is 

that the Vertical Retrace status bit (bit 5 ol the Status 

Register) is used by the MPU so that access to Ihe video 

display memory is only made during vertical blanking 

time (when bit 5 is a “1"). In this way, no visible screen 

perturbalions result. 

Figure 7. Cursor and Display Enable Skew 


VERTICAL 
VERTICAL DISPLAYED BLANKING 


DISPLAY 
ENABLE 


VERTICAL 


“0" - DISPLAY ACTIVE 


1" - VERTICAL 
SWITCHES STATE AT BLANKING 
END OF LAST DISPLAYED ACTIVE 
SCAN LINE 


Figure 8. Operatian of Vertical Blanking Status Bit 


Commodore Semiconductor Group reserves Ihe right to make changes to any products herein to improve 
reliability, function or design. Commodore Semiconductor Group does not assume any liability arising out of 
the application or use of any product or circuit descnbed herein; neilher does ilconvey any license under its 
patent rights nor the righis of others. 
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6551 ASYNCHRONOUS COMMUNICATION INTERFACE ADAPTER, 


CONCEPT: 


FEATURES: 


On-chip baud rate generator. 15 programmable baud 

rates derived from a standard 1.8432 MHz external 

erystal (50 to 19,200 baud). 

Programmable interrupt and status register to Sj 

software design. 

Single +5 volt power supply. ‘ 

Serial echo mode. . (odd, even, none, mark, space). 
False start bit detection. ö N ulHduplex or half-duplex operation. 
8-bit bi-directional data bus for die ICh 5,6, 7,8 and 9 bit transmission. 


8551 PIN CONFIGURATION 


FREQUENCY RANGE 
NO SUFFIX = 1 MHz 
A=2 MHz 
B=3 MHz 


oson20n— 


PACKAGE DESIGNATOR 
C = CERAMIC 
P = PLASTIC 
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Figure 1. Block Diagram 


TRANSMIT 
CONTROL 


TRANSMIT TRANSMIT 


DATA SHIFT 
REGISTER REGISTER 


STATUS INTERRUPT 
REGISTER LOGIC 


SELECT 
AND 
CONTROL 
LOGIC 


CONTROL 


BEER GENERATOR 


DATA RECEIVE RECEIVE 
BUS DATA SHIFT 
BUFFERS REGISTER REGISTER 


COMMAND REGEIVE 
REGISTER CONTROL 
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ABSOLUTE MAXIMUM RATINGS 


a — aeiad! Allowable Range Siresses above Ihose listed under "Absolute Maximum 


Ratings" may cause permanent damage to the device. 

Supply Voltage -0.3V to +7.0V This is a stress rating only and functional operation of 

InpuyY/Oulput Voltage -0.3V to +7.0V the device althese or any other conditions above Ihose 

f H N indicated in Ihe operational sections of lhis specification 
Operating Temperature 0°C to 70°C is not implied. 


Storage Ternperature -55°C to 150°C 


Allinputs contain protection circuilry to preventdamage to 
high static charges. Care should be exercised to prevent 
unnecessary application of voltages in excess of the allow- 
able limits. 


ELECTRICAL CHARACTERISTICS (Vec = 5.0V + 5%, Ta = 25°C, unless otherwise noted) 


Characteristic 
Input High Voltage 
Input Low Voltage 


Input Leakage Current: ViN=0 05V. __ 
(02, R/W, RES, CSo, CS, RSo, RSı. CTS, RxD, DCD, 
DSA) 


Input Leakage Current for High Impedance State Itsı 
(Three State) 
Output High Voltage: ILOAD=-100uA BEN 


Output Low Voltage: NOAR= = 1.6mA_ 
(DB9-DB7, TxD, RxC, ATS, DTR, IRQ) 


Output High Current (Sourcing): VOH=2.4V 
Qulput Low Current (Sinking): VOL>=0.4V 


(IRO) 


Power Dissipalion 
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Figure 2. 
Write Timing Characteristics 


e2 


CSo, ©S1, ASo, RSı 


oruuıyaaeaeamaeuy”“, — —  mmmm90;)" 


WRITE CYCLE (vcc = 5.0V + 5%, Ta = 0 to 70°C, unless otherwise noted) 


Figure 3. 
Read Timing Characteristics 


g2 


VoL 


READ CYCLE(vcc = 5.0V + 5%, Ta = 0 to 70°C, unless otherwise noted) 


XTAL 1 
(FRANSMIT 
CLOCK INPUT) 


ICL 


DD 
TxD 


NOTE: TxD rate is 1/16 TxC rate. 
Figure 4a. Transmit Timing with External Clock 


IccY 
ICH 


IcL 
NOTE: RxD rate is 1/16 RxC rate. 
Figure 4c. Receive External Clock Timing 


TRANSMIT/RECEIVE CHARACTERISTICS 


AO 
(CLEAR) 


Figure 4b. Interrupt and RTS Timing 


N A 
Characteristic 


Transmit/Receive Clock Rate 
Transmit/Receive Clock High Time 
Transmil/Receive Clock Low Time 
XTAL? to TxD Propagation Delay 
ATS Propagation Delay 

ıRQ Propagation Delay (Clear) 


(ty, = 10 10 30 nsec) 


“The baud rate with external clocking is: 


INTERFACE SIGNAL DESCRIPTION 


RES (Reset) BR 
During system initialization a low on the RES input will 
cause internal registers lo be cleared. 


#2 (Input Clock) 

The inputclock is the system 82 clock and is usedtolrigger 
all data Iranslers between Ihe system microprocessor and 
the 6551. 


R/W (Read/Write) 

The RW is generated bythe microprocessorand is usedto 
conirol the direction of data transfers.A high onthe R/W pin 
allows the processorto read the data supplied bythe 6551. 
A low on the A/W pin allows a write to the 6551. 


Baud Rate = 
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IRQ (Interrupt Request) 

The IRQ pin is an inlerrupl signal from the interrupt control 
logic. It is an open drain output, permitting several devices 
to be connecled to Ihe common IRQ microprocessor 
input. Normally a high level, IRQ goes low when an 
interrupl OCcurs. 


DBo — DB7(Data Bus) 

The DBg-DB7 pins are Ihe eight dala lines used for transfer 
ot data between Ihe processor and Ihe 6551. These lines 
are bi-directional and are normallyhigh-impedance excepl 
during Read cycles when selecied. 


CSo, ES1 (Chip Selects) 

The two chip select inpuls are normally engen to the 
processor address lines either directly or through de- 
coders. The 6551 is selected when CSo is nigh and CS1 is 
Iow, 


RSo, RS (Register Selecte) 


The two register select lines are normally connected to the 
processor address lines to allow the processor to select 
the various 6551 internal registers. The following table 
indicates Ihe internal register select coding: 


BT 
Transmit Data Receiver Data 
Register Register 
Programmed Slatus Register 


Reset (Data is 
Command Register 


“Don't Care”) 
Control Regisier 


The table shows that only the Command and Control 
regislers are read/write. The Programmed Reset operation 
does not cause any data transler, bul is used lo clear the 
6551 registers. The Programmed Reset is slightly different 
from Ihe Hardware Reset (RES) and Ihese dilferences are 
described in the individual regisler definitions. 


ACIA/MODEM INTERFACE SIGNAL 
DESCRIPTION 


XTAL1, XTAL2 (Crystal Pins) 


These pins are normally directly connected 10 the external 
crystal (1.8432 MHz) used lo derive the various baud rates. 
Alternalively, an externally generaled clock may be used io 
drive {he XTAL1 pin, in which case Ihe XTAL2 pin must lloat. 
XTAL1 is ine input pin lor Ihe Iransmil clock. 


TxD (Transmit Data) 


The TxD oulput line is used to transfer serial NRZ (non- 
return-Io-zero) data Io the modem. The LSB (least signifi- 
cant bit) of the Transmit Data Register is Ihe lirst dala bit 
transmitted and the rale of data Iransmission is determined 
by the baud rale selected. 


RxD (Recelve Data) 


The AxD input line is used lo Iransler serial NRZ data into 
Ihe ACIA Irom the modem, LSB Iirst. The receiver data rate 
is either the programmed baud rate or the rale of an 
externaily generaled receiver clock. This seleclion is made 
by programming the Conlrol Regisler. 


RxC (Recelve Clock) 


The RxC is a bi-directional pin which serves as eilher the 
receiver 16x clock input or Ihe receiver 16x clock oulpul. 
The latter mode results ilthe internal baud rate generator is 
selected for receiver data clocking. 
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ATS (Request to Send) 


The ATS oulpin pin is used lo control Ihe modem from the 
processor. The state ol the ATS pin is determined by Ihe 
contents of tne Command Register. 


CTS (Clear to Send) 


The ETS input pin is used to control Ihe Iransmitter 
operation. The enable state is wilh CTS low, The transmitter 
is automatically disabled il CTS is high. 


DTR (Data Terminal Ready) 


This ouput pin is used lo indicate the status of the 6551 to 
Ihe modem. A low on DTR indicates the 6551 is enabled 
and a high indicates it is disabled. The processor controls 
Ihis pin via bit O of the Command Register. 


DSA (Data Set Ready) 


The DSR input pin is used lo indicate to the 6551 Iheslalus 
ofthe modem. A low indicales Ihe "ready" staleand a high, 
"“not-ready”. 


DCD (Data Carrier Detect) 


The DCD input pin is used loindicate lo the 6551 the status 
of ihe carrier-detect oulput of Ihe modem. A low indicates 
that Ihe modern carriersignal is presentand ahigh,thalitis 
nol. 


INTERNAL ORGANIZATION 


The Transmitter/Receiver sections of Ihe 6551 are de- 
Picted by Ihe block diagram in Figure 5. 


CONTROL 
REGISTER 
BITa- "1" 


B1TS0.I IN 
CONTROL 
REGISTER 


Figure 5. Transmitter/Recelver Clock Circults 


Bils 0-3 of the Control Register selecl Ihe divisor used lo 
generale the baud rale lor Ihe Transmilter. If Ihe Receiver 
clock is to use Ihe same baud rate as the Transmitter, Ihen 
RxC becomes an output pin and can be used to slave olher 
circuits lo the 6551. 


CONTROL REGISTER 

The Control Register is used to selectihe desiredmode 

lor Ihe 6551. The word length, number of stop bits, and 

clock controls are all determined by the Control Regis- 

ter, which is depicted in Figure 6. CONTROL REGISTER 


BAUD RATE 
STOP BITS GENERATOR 
0 = 1 Stop Bit 
1= 2 Stop Bits 
1 Stop Bit if Word Length 
= 8 Bits and Parity® 
1% Stop Bits il Word Length 
= 5 Bits and No Parity. 


WORD LENGTH 


RECEIVER CLOCK SOURCE 
0 = External Recsiver Clock 
1 = Baud Rate Generator 


*This allows for 9-bit tranamisıton (8 data bits plus parity}. 


76 
HARDWARE RESET [0 Jo Jo[o][o | 
proGaamReeET_ |-|-|-|-]I-I-|-|-] 


Figure 6. Control Register Format 


COMMAND REGISTER 
The Command Register is used to conlrol Specific 


Transmit/Receive functions and is shown in Figure 7. 
COMMAND REGISTER 


PARITY CHECK CONTROLS DATA TERMINAL READY 
0 = Disabla Aeceivar/Transmitier 
tDTR high) 
Parity Disabled - No Parity Bit 1 = Ensble Recsiver/Transmitter 
Generated - No Parity Bit Received {0TA low} 


Odd Parity Receiver and Transmitter 

Even Parity Recaiver and RECEIVER INTERRUPT ENABLE 
Transmitter 0 = IRQ Interrupt Enabled from Bit 0 
Mark Pority Bit Transmitted, of Status Register 

Parity Check Dissbled 1 = IRQ Interrupt Disabled 

Space Parity Bit Transmitted, 


Parity Check Disabled TRANSMITTER CONTROLS 


TRANSMIT ATS OTHER 
INTERRUPT | LEVEL 
Disablod Hi | | 


Low = 
Disabled Low = 
Disabled Low Transmit BRK 


NORMAL/ECHO MODE 
FOR RECEIVER 


765.4 3 2 1 () 
HARDware Reset [oo lo l[olo[lo]ıJo] 
PROGRAMRESET | - | - | - JoJoJo|ı]Jo| 


Figure 7. Command Register Format 
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STATUS REGISTER 


The Status Register is used to indicate to the processor 
the status of various 6551 functions and is outlined in 
Figure 8. 


STATUS REGISTER 


0 «= No Freming Error 

1 = Framing Error Dutscted 
Ovarrın® 

0° No Ovamın 

1 = Ovarrun Has Orzurred 


Receiver Daıs Register Full 


mpi 
Data Carrier Detanı (BED) 
Date Sat Ascıy (DER) 


0 = DSA low (Aasdy) 
1 = DA high {Not Resdy) 


Interrupt {1AQ} 


"No interrupt occurs for thasa conditions. 1" Interrupt Has Occurred 


664 372160 


nanoware reset [o| - T-Tı ToTolo[o] 
emocaamneser [-| -]-|-]-[0]-]-] 


Figure 8. Status Register Format 


TRANSMIT AND RECEIVE DATA REGISTERS 


These registers are used as temporary data storage for 
the 6551 Transmit and Receive circuits. The Transmit 
Data Register is characterized as follows: 

® Bit 0 is Ihe leading bit to be transmilled. 

® Unused data bils are Ihe high-order bits and are 
"don't care” for transmission. 

The Receive Data Register is characterized in a similar 

fashion: 

e Bit 0 is the leading bit received. 

e Unused data bits are Ihe high-order bits and are "0" 
for the receiver. 

e Parity bils are not contained in the Receive Dala 
Register, bul are stripped-ofl alter being used for 
external parity checking. Parity and all unused high- 
order bits are "0". 


MOS TECHNOLOGY, INC. reserves the right to make changes to any products herein to Improve rell- 
abllity, function or design. MOS TECHNOLOGY, INC. does not assume any liability arising out of the 
application or use of any product or circuit described herein; neilher does it convey any license under 
Its patent rights nor the rights of others. 
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65245 OGTAL BUS TRANSGEIVER WITH 3-STATE OUTPUTS 


DESCRIPTION 


The 65245 is an octal bus transceiver designed for asynchronous, bi-directional communica- 
tion between data busses. 


The level of the Direction input (DIR) allows data transmission from bus A to bus B orfrombus B 
to bus A. The Enable input (E) can be used to provide Isolation between the busses. 


Tne device is fully TTLand CMOS compatible, and is pin-for-pin compatible with the 7415245. 


PIN CONFIGURATION 
65245 


TRUTH TABLE 


L B data to A bus 
L A data to B bus 
H x Isolation 


L = LOW level 
H = HIGH level 
X = Irrelevant 
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MAXIMUM RATINGS 


SUPPLY VOLTAGE 

INPUT VOLTAGE 
OPERATING TEMPERATURE 
STORAGE TEMPERATURE 


CHARACTERISTIC 


Ver -0310 +70 
Vin -03 0 +70 
TA 

TSTG 


0t0 +70 
55 10 +150 


Input High Voltage 
Input Low Voltage 


Output High Voltage 
Vec=MIN, VIH=2.0V 
tOH= -3mA 


IOH= -15mA 


Output Low Voltage 
Vec=MIN, ViL = 0.BV 
IOL = 12mA 


IOL = 24mA 


High-Impedance 
Output Current 
E = 2.0V, Voc = MAX 
You = 27V 


High-Impedance 
Qutput Currani 
E = 2.0V, Vec = MAX 
Vout= 04V 


High-Level Input Current 
Vec=MAX, VIH = 2.7V 


Low-Level Input Current 
Vec = MAX, VIL = 0.47 


High-Level Output Current 
Vec=NOM, Voul = 2.4V 


Low-Level Output Current 
Vec = NOM, Vout = 0.47 


Power Supply Current 
Qutputs High 
Qutputs Low 
Outputs HFZ 
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Tnis device contains cIrculiry to protect 
{he Inputs againsi damage due Io high 
static voltages, however, it Is advised Ihal 
normal precaulions be taken to avold 
application of any voltage higher than 
maximum rated vollages to this circuit. 


2 
° 


z 
x 


o 
> 


o 
in 


AC CHARACTERISTICS (VCC=5.0V, VSS=OV, Ta=+25°C) 


CHARACTERISTIC - CONDITIONS 


Propagation Delay TPLH 

Data to Output TPHL 

Output Enabie Tirne TPZH $EE 

TPZL BELOW 
Output Disable Time TPHZ 
TPLZ 


Commodore Semiconductor Group reserves the right to make changes to any products herein to improve 
reliability, Iunction or design. Commodore Semiconductor Group does not assume any liability arising out of 
the application or use of any product or circuit described herein; neither does it convey any license under its 
patent righis nor Ihe rights of others. 
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ın 8251A/S2657 
PROGRAMMABLE COMMUNICATION INTERFACE 


ua Synchronous and Asynchronous a Asynchronous Baud Rate — DC to 
Operation 19.2K Baud 


a Full Duplex, Double Buffered, Trans- 


a Synchronous 5-8 Bit Characters; mitter and Receiver 


Internal or External Character Synchro- 
nization; Automatic Sync Insertion = Een eo — Parity, Overrun and 
raming 


su Asynchronous 5-8 Bit Characters; = Fully Compatible with 8080/8085 CPU 


Clock Rate—1, 16 or 64 Times Baud 


Rate; Break Character Generation; 1, a 28-Pin DIP Package 

1%, or 2 Stop Bits; False Start Bit 

Detection; Automatic Break Detect «All le Outputs are TTL 
and Handling. Compatible 


ingl 5V Suppl 
m Synchronous Baud Rate — DC to 64K endet MPPYY 
Baud a Single TTL Clock 


The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of 
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM “bi-sync”). The USART accepts 
data characters from the CPU in parallel format and then converts them Into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them Into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data 
transmission errors and control signals such as SYNDET, TXEMPTY. The chip is constructed using N-channel silicon 
gate technology. 


PIN CONFIGURATION 


BLOCK DIAGRAM 


2d,c1 210, 
0,0: 20, 
roQ3 26) Vec 


de DATA 
= 2 Ko) 
DIR 0,D8 BUFFER 


vr eur Gr 
A 
wo TaDd CB BERDANAITE TRANSMIT. Tue 
csl] ıı TzxEMPTY CONTROL 
Ye Ab LoGic ne 
cöU 1 cTs WR 
[rJm6r) 16 [2] svnoer/an 


AuRDY [L] 14 15.J TıRDY 


PIN NAMES jazz 
—- MODEM AECEIVE Per 
Os1s Bus (8 bin) DOSA Data Ser Andy CONTROL BUFFER 
Control or Data ıs 10 be Written or Read DTR Dota Termine) Anady ers 0 (s-P) 
Resd Daia Corımand ATS 


SYNOET/BD | Sync Detect/ 
Write Data or Control Command 


Chip Enablı Break Ostect 1 
ıp Enable Le 

Clock Pulse ITTLI Aeauesı to Send Data 

Rest Os 10 Sarıd Data or 


Tranımıtter Clock 

Transmitter Data 

Receiver Clock 

Recaer Data 

Aeceırer Ready Ihr characier for BOBO: 
Tranımıtter Ready (ready for char from 80801 


Transmitter Empiy 


RECEIVE 
CONTROL 


+5 Volt Supply DAR us: 


Ground 
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FEATURES AND ENHANCEMENTS 


8251A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The 8251A oper- 
ates with an extended range of Intel micropro- 
cessors that includes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci- 
fications of the 8251A. 


The 8251A incorporates all the key features of 
the 8251 and has the following additional features 
and enhancements: 


e 8251A has double-buffered data paths with 
separate I/O registers for control, status, 
Data In, and Data Out, which considerably 
simplifies control programming and mini- 
mizes CPU overhead. 


© In asynchronous operations, the Receiver 
detects and handles “break” automatically, 
relieving the CPU of this task. 


© A refined Rx initialization prevents the 
Receiver from starting when in ’'break’ 
state, preventing unwanted interrupts from 
a disconnected USART. 


e At the conclusion of a transmission, TxD 
line will always return to the marking state 
unless SBRK is programmed. 


800 


Tx Enable logie enhancement prevents a 
Tx Disable command from halting trans 
mission until all data previousiy written has 
been transmitted. The logic also prevents 
the transmitter from turning off in the middle 
of a word. 


When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a 
flip-flop which clears itself upon a status read. 


Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed, the characters be contiguousliy 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 


As long as the 8251A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 


The 8251A Status can be read at any time 
but the status update will be inhibited during 
status read. 


The 8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins, 


e Synchronous Baud rate from DC to 64K. 
© Fully compatible with Intel’s new industry 


standard, the MCS-85, 


00216A 
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8251A BASIC FUNCTIONAL DESCRIPTION 


General 


The 8251A is a Universal Synchronous/Asynchronous Re- 
ceiver/Transmitter designed specifically for the 80/85 Micro- 
computer Systerns. Like other I/O devices in a Microcom- 
puter System, its functional configuration is programmed 
by the system’s software for maximum flexibility. The 
8251A can support virtually any serial data technique cur- 
rently in use (including IBM "bi-sync”). 


In a communication environment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear "transparent‘ to the CPU, a simple 
input or output of byte-oriented system data. 


Data Bus Buffer 


This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8251A to the system Data Bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
instructions of the CPU. Control words, Command words 
and Status information are also transferred through the 
Data Bus Buffer. The command status and data in, and 
data out are separate 8-bit registers to provide double 
buffering. 

This functional block accepts inputs from the system Con- 
trol bus and generates control signals for overall device 
operation. It contains the Control Word Register and Com- 
mand Word Register that store the various control formats 
for the device functional definition. 


RESET (Reset) 


A “high” on this input forces the 8251A into an “Idie” 
mode. The device will remain at “Idie’' until a new set. of 
control words is written into the 8251A to program its 
functional definition. Minimum RESET pulse width is 
6 tcy (clock must be running). 


CLK (Clock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTL) output of 
the 8224 Clöck Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter data 
bit rates. 


WR (Write) 
A “low” on this input informs the 8251A that the CPU is 
writing data or control words to the 8251A. 


RD (Read) 


A "low" on this input informs the 8251A that the CPU is 
reading data or status information from the 8251A. 
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CID (Control/Data) 

This input, in conjunction with the WR and RD inputs, 
informs the 8251A that the word on the Data Bus is either 
a data character, control word or status information. 
1=CONTROL/STATUS 0 = DATA 


CS (Chip Select) 


A "low" on this input selects the 8251A. No reading or 
writing will occur unless the device is selected. When CS is 
high, the Data Bus in the float state and AD and WR will 
have no effect on the chip. 


DATA 


Bus 
BUFFER 


READ/WAITE 
CONTROL 
LOGIC 


Figure 1. 8251A Block Diagram Showing Data Bus 


Butter and Read/Write Logic Functions 


CD RD wa 
0 0 10 8251ADATA = DATA BUS 
() 1.00 __ DATA BUS = 8251A DATA 
1 0 1 0 _ STATUS= DATA BUS 
1 N) 0 0 __ _DATABUS= CONTROL 
x 1 1 0 _ DATABUS- 3-STATE 
x x“ x 1 __DATABUS“ 3-STATE 


Modem Control 


The 8251A has a set of control inputs and outputs that can 
be used to simplify the interface to almost any Modem. The 
Modem control signals are general purpose in nature and 
can be used for functions other than Modem control, if 
necessary. 


8251A/S2657 


DSR (Data Set Ready) 

The DSR input signal is a general purpose, 1-bit inverting 
input port. Its condition can be tested by the CPU using a 
Status Read operation. The DSR input is normally used to 
test Modem conditions such as Data Set Ready. 


DTR (Data Terminal Ready) 

The DTR output signal is a general purpose, 1-bit inverting 
output port. It can be set ‘‘Iow’’ by programming the ap- 
propriate bit in the Command Instruction word. The DTRA 
output signal is normally used for Modem control such as 
Data Terminal Ready or Rate Select. 


RTS (Request to Send) 


The ATS output signal is a general purpose, 1-bit inverting 
output port. It can be set ’’\ow’’ by programming the ap- 
propriate bit in the Command Instruction word. The RTS 
output signal is normally used for Modem control such as 
Request to Send. 


eTs (Clear to Send) 


A "low” on this input enables the B251A to transmit 
serial data if the Tx Enable bit in the Command byte is 
set to a one.” If either a Tx Enable off or CTS off condi- 
tion occurs while the Tx is in operation, the Tx will 
transmit all the data in the USART, written prior to Tx 
Disable command before shutting down. On the 8251A/ 
$2657 if CTS off or Tx Enable off condition occurs before 
the last character written appears in the serial bit stream, 
that character will be transmitted again upon CTS on or Tx 
Enable on condition. 


Transmiiter Buffer 


The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, converts it to a serial bit stream, inserts the 
appropriate characters or bits (based on the communica- 
tion technique) and outputs a composite serial stream of 
data on the TxD output pin on the falling edge of TxC. 
The transmitter will begin transmission upon being enabled 
it CT$ = 0. The TxD line will be held in the marking 
state immediately upon a master Reset or when Tx Enable/ 
CTS off or TXEMPTY. 


Transmitter Control 


The transmitter Control manages all activities associated 
with the transmission of serial data. It accepts and issues 
signals both externally and internally to accomplish this 
function. 


TxRDY (Transmitter Ready) 


This output signals the CPU that the transmitter is ready to 
accept a data character. The TXRDY output pin can be 
used as an interrupt to the system, since it is masked by 
Tx Disabled, or, for Polled operation, the CPU can check 
TxRDY using a Status Read operation. TXRDY is auto- 
matically reset by the leading edge of WR when a data 
character is loaded from the CPU. 


Note that when using the Polled operation, the TXRDY 
status bit is nor masked by Tx Enabled, but will only 
indicate the Empty/Full Status of the Tx Data Input 
Register. 
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TxE (Transmitter Empty) 

When the 8251A has no characters to transmit, the TXEMP- 
TY output will go “high”. It resets automatically upon re- 
ceiving a character from the CPU if the transmitter is 
enabled. TXEMPTY can be used to indicate the end of a 
transmission mode, so that the CPU “knows” when to “turn 
the line around” in the half-duplexed operational mode, 


In SYNChronous mode, a ''high‘’ on this output indicates 
that a character has not been loaded and the SYNC charac- 
ter or characters are about to be or are being transmitted 
automatically as “fillers’‘. TxEMPTY does not go low 
when the SYNC characters are being shifted out. 


TAANSMIT 
BUFFER 
IP» 


TRANSMIT 
CONTROL 


CONTROL 


Figure 2. 8251A Block Diagram Showing Modem and 
Transmitter Buffer and Control Functions 


TxC (Transmitter Clock) 

The Transmitter Clock controls the rate at which the char- 
acter is to be transmitted. In the Synchronous transmission 
mode, the Baud Rate (1x) is equal to the TxC frequency. 
In Asynchronous transmission mode the baud rate is a 
fraction of the actual TxC frequency. A portion of the 
mode instruction selects this factor; it can be 1, 1/16 or 
1/64 the TxC. 


For Example: 


If Baud Rate equals 110 Baud, 
TxC equals 110 Hz (1x) 

TxC equals 1.76 kHz (16x) 
TxC equals 7.04 kHz (64x). 


The falling edge of TxC shifts the serial data out of the 
8251A. 
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Receiver Buffer 


The Receiver accepts serial data, converts this serial input 
to parallel format, checks for bits or characters 'that are 
unique to the communication technique and sends an 
"assernbled’ character to the CPU. Serial data is input to 
RxD pin, and is clocked in on the rising edge of RxC. 


Recelver Control 


This functional block manages all receiver-related activities 
which consist of the following features: 


The AxD initialization circuit prevents the 8261A from 
mistaking an unused input line for an active low data 
line in the ‘'break condition”. Before starting to receive 
serial characters on the RxD line, a valid ''1’‘ must first 
be detected after a chip master Reset. Once this has been 
determined, a search for a valid low (Start bit) is en- 
abled. This feature is only active in the asynchronous 
mode, and is only done once for each master Reset. 


The False Start bit detection circuit prevents false starts 
due to a transient noise spike by first detecting the fall- 
ing edge and then strobing the nominal center of the 
Start bit (RxD = low). 


The Parity Toggie F/F and Parity Error F/F circuits are 
used for parity error detection and set the corresponding 
status bit. 


The Framing Error Flag F/F is set if the Stop bit is 
absent at the end of the data byte (asynchronous mode), 
and also sets the corresponding status bit. 


RxRDY (Receiver Ready) 


This output indicates that the 8251A contains a character 
that is ready to be input to the CPU. Rx RDY can be con- 
nected to the interrupt structure of the CPU or, for Polled 
operation, the CPU can check the condition of AxRDY 
using a Status Read operation. 


Rx Enable off both masks and holds RxRDY in the Reset 
Condition. For Asynchronous mode, to set RXxRDY, the 
Receiver must be Enabled to sense a Start Bit and a com- 
plete character must be assembled and transferred to the 
Data Output Register. For Synchronous mode, to set 
RxRDY, the Receiver must be enabled and a character 
must finish assembiy and be transferred to the Data Output 
Register. 


Failure to read the received character from the Ax Data 
Output Register prior to the assembly of the next Ax Data 
character will set overrun condition error and the previous 
character will be written over and lost. If the Ax Data is 
being read by the CPU when the internal transfer is occur- 
ring, overrun error will be set and the old character will be 
lost. 


RxC (Receiver Clock) 


The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the Baud Rate (1x) 
is equal to the actual frequency of RxC. In Asynchronous 
Mode, the Baud Rate is a fraction of the actual AxC fre- 
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quency. A portion of the mode instruction selects this 
factor; 1, 1/16 or 1/64 the RxC. 


For Example: 


Baud Rate equals 300 Baud, if 
AxC equals 300 Hz (1x) 

RxC equals 4800 Hz (16x) 
RxC equals 19.2 kHz (64x). 


Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz (1x) 

RxC equals 38.4 kHz (16x) 
RxC equals 153.6 kHz (64x). 


Data is sampled into the 8251A on the rising edge of RxC. 


NOTE: In most communications systems, the 8251A will 
be handling both the transmission and reception operations 
of a single link. Consequently, the Receive and Transmit 
Baud Rates will be the same. Both TxC and RxC will re- 
quire identical frequencies for this operation and can be 
tied together and connected to a single frequency source 
(Baud Rate Generator) to simplify the interface. 


SYNDET (SYNC Detect/BRKDET (Break Detect) ) 


This pin is used in SYNChronous Mode for SYNDET and 
may be used as either input or output, programmable 
through the Control Word. It is reset to output mode low 
upon RESET. When used as. an output (internal Sync mode), 
the SYNDET pin will go ”high”’ to indicate that the 8251 A 
has located the SYNC character in the Receive mode. If the 
8251A is programmed to use double Sync characters (bi- 
sync), tnen SYNDET will go “high” in the middle of the 
last bit of the second Sync character. SYNDET is auto- 
matically reset upon a Status Read operation. 


RECEIVE 
BUFFERA 
(SP) 


RECEIVE 
CONTROL 


Figure 3. 8251A Block Diagram Showing Receiver 
Buffer and Control Functlons 
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When used as an input (external SYNC detect mode), a 
positive going signal will cause the 8251A to start assemn- 
bling data characters on the rising edge of the next AxcC. 
Once in SYNC, the ”'high” input signal can be removed. 
When External SYNC Detect is programmed, the Internal 
SYNC Detect is disabled. 


BREAK DETECT (Async Mode Only) 


This output will go high whenever the receiver remains low 
through two consecutive stop bit sequences (including the 
start bits, data bits, and parity bits). Break Detect may also 
be read as a Status bit. It is reset only upon a master chip 
Reset or Rx Data returning to a “one” state. 


NOTE: On the 8251A/S2657, if the RxData returns to a 
“one” state during the last bit of the next character after 
the break, break detect will latch-up, and the device must 
be cleared by a Chip Reset. 


ADDRESS BUS 


CONTROL BUS, 


Figure 4. 8251A Interface to 8080 Standard 
System Bus 


DETAILED OPERATION DESCRIPTION 


General 

The complete functional definition of the 8251A is pro- 
grammed by the system’s software. A set of control words 
must be sent out by the CPU to initialize the 8251A to 
support the desired communications format. These control 
words will program the: BAUD RATE, CHARACTER 
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or 
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR- 
ITY, etc. In the Synchronous Mode, options are also pro- 
vided to select either internal or external character synchro- 
nization. 


Once programmed, the 8251A is ready to perform its com- 
munication functions. The TXRDY output is raised “'high’’ 
to signal the CPU that the 8251A is ready to receive a data 
character from the CPU. This output (TxRDY) is reset 
automatically when the CPU writes a character into the 
8251A. On the other hand, the 8251A receives serial data 
from the MODEM or I/O device. Upon receiving an entire 
character, the RxRDY output is raised high” to signal the 
CPU that the 8251A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the CPU 
data read operation. 


The 8251A cannot begin transmission until the Tx Enable 
(Transmitter Enable) bit is set in the Command Instruction 
and it has received a Clear To Send (CTS) input. The TxD 
output will be held in the marking state upon Reset. 


Programming the 8251A 

Prior to starting data transmission or reception, the 8251A 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func- 
tional definition of the 8251A and must immediately fol- 
low a Reset operation (internal or external). 


The control words are split into two formats: 


1. Mode Instruction 
2. Command Instruction 


Mode Instruction 


This format defines the general operational characteristics 
of the 8251A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into 
the 8251A by the CPU, SYNC characters or Command In- 
structions may be inserted. 


Command Instruction 


This format defines a status word that is used to control the 
actual operation of the 8251A. 


Both the Mode and Command Instructions must conform 
to a specified sequence for proper device operation. The 
Mode Instruction must be inserted immediately following a 
Reset operation, prior to using the 8251A for data com- 
munication. 


All control words written into the 8251A after the Mode In- 
struction will load the Command Instruction. Command 
Instructions can be written into the 8251A at any time in 
the data block during the operation of the 8251A. To re- 
turn to the Mode Instruction format, the master Reset bit 
in the Command Instruction word can be set to initiate an 
internal Reset operation which automatically places the 
8251A back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or Sync 
characters. 
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cm«ı MODE INSTAUCTION 
«1 SYNC CHARACTER I 

SYNC MODE 
co. SYNC CHARACTER 2 ONLY 
C/ö «1 | COMMAND INSTAUCTION 


co0.0 DATA 


COMMAND INSTAUCTION 


coö.0 DATA 
cD«1 COMMAND INSTRUCTION 

The second SYNC character is akipped if MODE instruction 
has progremmed the B251A to single character Internal SYNC 


Mode, Both SYNC charazterı ara shipped it MODE instruction 
has programme the 8251A to ASYNC mode. 


Figure 5. Typical Data Block 
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Mode Instruction Definition 


The 8251A can be used for either Asynchronous or Syn- 
chronous data communication. To understand how the 
Mode Instruction defines the functional operation of the 
8251A, the designer can best view the device as two sepa- 
rate components sharing the same package, one Asynchro- 
nous the other Synchronous. The format definition can be 
changed only after a master chip Reset. For explanation 
purposes the two formats will be isolated. 


NOTE: When parity is enabled it is not considered as one of 
the data bits for the purpose of programming the word 
length. The actual parity bit received on the Rx Data line 
cannot be read on the Data Bus. In the case of a pro- 
grammed character length of less than B bits, the least 
significant Data Bus bits will hold the data; unused bits are 
“don't care‘ when writing data to the B251A, and will be 
*'zeros’’ when reading the data from the 8251A. 


Asynchronous Mode (Transmission) 


Whenever a data character is sent by the CPU the B251A 
automatically adds a Start bit (low level) followed by the 
data bits (least significant bit first), and the prograrnmed 
number of Stop bits to each character. Also, an even or 
odd Parity bit is inserted prior to the Stop bit(s), as de- 
fined by the Mode Instruction. The character is then trans- 
mitted as a serial data stream on the TxD output. The serial 
data is shifted out on the falling edge of TxC at arate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. ° 


When no data characters have been loaded into the 8251A 
the TxD output remains ”high’‘ ({marking) unless a Break 
(continuously low) has been programmed. 


Asynchronous Mode (Recelve) 


The RxD line is normally high. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom- 
inal center (16X or 64X mode only). If a low is detected 
again, it is a valid START bit, and the bit counter will 
start counting. The bit counter thus locates the center of 
the data bits, the parity bit (if it exists) and the stop bits. 
If parity error occurs, the parity error flag is set. Data and 
parity bits are sampled on the RxD pin with the rising edge 
of RxC. If a low level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP bit signals the end 
of a character. Note that the receiver requires only one stop 
bit, regardless of the number of stop bits programmed. This 
character is then loaded into the parallel I/O buffer of the 
8251A. The RxRDY pin is raised to signal the CPU that a 
character is ready to be fetched. If a previous character has 
not been fetched by the CPU, the present character replaces 
it in the I/O buffer, and the OVERRUN Error flag is raised 
(thus the previous character is lost). All of the error flags 
can be reset by an Error Reset Instruction. The occurrence 
of any of these errors will not affect the operation of the 
8251A. 
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6 7 [1 
[ots [ots | oits [afts 
PARITY ENABLE 
I=ENABLE 0 - DISABLE 


EVEN PARITY GENERATION/CHECK 
1»EVEN 0-ODD 


NUMBER OF STOP BITS 


ı 1% 2 
(ONLY EFFECTS Tu; Au NEVER 


REQUIRES MORE THAN ONE 
STOP BIT) 


Figure 8. Mode Instruction Format, Asynchronous 
Mode 


GENERATED 


TRANSMITTER OUTPUT 00 D1---- Da BY 82514 


START PARITY 


DOES NOT APPEAR 
09 Dı ----Dx ON THE DATA BUS 


Lel 
PIeT#L 


DATAB 
u —— | — 
PAOGRAMMED 
CHARACTER 
LENGTH 


RECEIVER INPUT 


START 
alias [ti 


TRANSMISSION FORMAT 
CPU BYTE (3-8 BITS/CHAR) 


| DATA CHARACTER 


ASSEMBLED SERIAL DATA OUTPUT (TuD) 
FT Te 
RECEIVE FORMAT 
SERIAL DATA INPUT IRaD} 
fr] DATA CHARACTER Fe] ar 
CPU BYTE (58 BITSICHARI* 


| DATA CHARACTER | 


"NOTE: IF CHARACTER LENGTH IS DEFINED ASS. 6 OR ? 
BITS THE UNUSED BITS ARE SET TO "ZERO" 


Figure 7. Asynchronous Mode 
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Synchronous Mode (Transmission) 


The TxD output is continuously high until the CPU sends 
its first character to the 8251A which usually is a SYNC 
character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge of TxC. Data is shifted out at the same 
rate as the TxC. 


Once transmission has started, the data stream at the TxD 
output must continue at the TxC rate. If the CPU does not 
provide the 8251A with a data character before the 8251 A 
Transmitter Buffers become empty, the SYNC characters 
(or character if in single SYNC character mode) will be 
automatically inserted in the TxD data stream. In this case, 
the TXEMPTY pin is raised high to signal that the 8251 A is 
empty and SYNC characters are being sent out. TXEMPTY 
does not go low when the SYNGC is being shifted out (see 
figure below). The TxEMPTY pin is internally reset by a 
data character being written into the B251A. 


AUTOMATICALLY INSERTED BY USART 


SEDIEDIECDECHEDEREEE 
FALLS UPON CPU WAITING A 
TnEMPTY CHARACTER TO THE USART 


x 


NOMINAL CENTER OF LAST BIT 


Synchronous Mode (Recelve) 

In this mode, character synchronization can be internally 
or externally achieved. If the SYNC mode has been pro- 
grammed, ENTER HUNT command should be included in 
the first command instruction word written. Data on the 
RxD pin is then sampled in on the rising edge of RxC. The 
content of the Rx buffer is compared at every bit boundary 
with the first SYNC character until a match occurs. If the 
8251A has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The 
SYNDET pin is then set high, and is reset automatically by 
a STATUS READ. If parity is programmed, SYNDET 
will not be set until the middle of the parity bit instead of 
the middle of the last data bit. 


In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin, thus forcing the 
8251A out of the HUNT mode. The high level can be 
removed after one AxC cycle. An ENTER HUNT command 
has no effect in the asynchronous mode of operation. 


Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. Parity is checked 
when not in Hunt, regardiess of whether the Receiver is 
enabled or not. 


The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. This will also set all the 
used character bits in the buffer to a ’‘one’’, thus prevent- 
ing a possible false SYNDET caused by data that happens 
to be in the Rx Buffer at ENTER HUNT time. Note that 
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the SYNDET F/F is reset at each Status Read, regardless of 
whether internal or external SYNC has been programmed. 
This does not cause the 8251A to return to the HUNT 
mode. When in SYNC mode, but not in HUNT, Sync Detec- 
tion is still functional, but only occurs at the "'known” 
word boundaries. Thus, if one Status Read indicates SYN- 
DET and a second Status Read also indicates SYNDET, 
then the programmed SYNDET characters have been re- 
ceived since the previous Status Read. (If double character 
sync has been programmed, then both sync characters have 
been contiguously received to gate a SYNDET indication.) 
When external SYNDET mode is selected, internal Sync 
Detect is disabled, and the SYNDET F/F may be set at 
any bit boundary. 


PARITY ENABLE 
11" ENABLEI 
(0 = DISABLE) 


EVEN PARITY GENERATION/CHECK 
1.= EVEN 
0.0ODD 


(BES EIMERNAL SYNC OETECT 


1= SYNDET IS AN INPUT 
0 = SYNDET IS AN OUTPUT 


7777 —— SINGLE CHARACTER SYNC 
1« SINGLE SYNC CHARACTER 
0 r DOUBLE SYNC CHARACTER 


NOTE: IN EXTERNAL SYNC MODE, PAOGRAMMING DOUBLE CHARACTER 
SYNC WILL AFFECT ONLY THE Tu. 


Figure 8. Mode Instruction Format, Synchronaus Mode 


CPU BYTES 15-8 BHTS/ICHAR) 


| DATA CHARACTERS 


ASSEMBLED SERIAL DATA OUTPUT ITxD) 


SYnc SYnc | 
CHAR 2 DATA CHARACTERS 


RECEIVE FORMAT 
SERIAL DATA INPUT (A«D) 


SYNC SYNC 


CPU BYTES (5-8 BITS/CHAR) 


| DATA CHARACTERS | 


Figure 9. Data Format, Synchronous Mode 
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COMMAND INSTRUCTION DEFINITION 


Once the functional definition of the 8251A has been pro- 
grammed by the Mode Instruction and the Sync Characters 
are loaded (if in Sync Mode) then the device is ready to be 
used for data communication. The Command Instruction 
controls the actual operation of the selected format. Func- 
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 


Once the Mode Instruction has been written into the 8251 A 
and Sync characters inserted, if necessary, then all further 


"control writes” (C/D = 1) will Ioad a Command Instruc- 
tion. A Reset Operation (internal or external) will return 
the 8251A to the Mode Instruction format. 


rd 00% ©. 0% 


TRANSMIT ENABLE 
1 = enable 
0 = dısable 


DATA TERMINAL 
READY 

“high” will force DTA 
output 10 rero 


RECEIVE ENABLE 
1 = enable 
0 = dısable 


SEND BREAK 
CHARACTER 
1 = torces TuD "low" 
0 = normal operation 


ERROR RESET 
1 = reset error flags 
PE,OE, FE 


REQUEST TO SEND 
"high" will force ARTS 
output to zero 


INTERNAL RESET 
"high" returns 825 IA 10 


ode Instruction Format 


ENTER HUNT MODE* 
1 = enable search for Sync 
Characters 


“IHAS NO EFFECT 
IN ASYNC MODE) 


Note: Error Reset must be performed whenever RxEnable and 
Enter Hunt are programmed,. 


Figure 10. Command Instruction Format 


STATUS READ DEFINITION 


In data commusication systems it is often necessary 10 
examine the "status’”’ of the active device to ascertain if 
errors have occurred or other conditions that require the 
processor’s attention. The 8251A has facilities that allow 
the programmer to “read” the status of the device at any 
time during the functional operation. (The status update is 
inhibited during status read). 


Annormal “read”’ command is issued by the CPU with c/D =1 
to accomplish this function. 


Some of the bits in the Status Read Furmat have identical 
meanings to external output pins so that the 8251A can be 
used in a completely Polled environment or in an interrupt 
driven environment, TxRDY is an exception. 


Note that status update can have a maximum delay of 28 
clock periods from the actual event affecting the status. 


D, D & Du D; D D, O6 


SAME DEFINITIONS AS 1/O PINS 


PARITY ERROR 
The PE flag is sat when e parity 
error is detected. It ız rest by 
the ER bit of tha Command 
Instruction. PE does not ınhıbit 
operation of ıhe 8251A. 


OVERRAUN ERAOR 
The OE flag is set when ıha CPU 
does not resda character belore 
the neut on@ becomes available 
Its seset by the ER bit of the 
Command Instruction. OE dosi 
not inhibit operation of Ihe 8251A 
however, the previously overrun 
cherscter is lost. 


FRAMING ERROR (Async onlyl 
Tha FE flag ın sor when a valıd 
Stop bit ıu not detected at the 
end of every character. It ıs reneı 
by tha ER bit of Ihe Command 
Instruction. FE does not ınhıbıt 
the operation of the 825 1A. 


DATA SET READY: Indıcates 
that (he DSA is aı a zaro level 


Note 1: TxRDY status bit has different meanings from the 
TxRDY output pin. The former is not conditioned 
by ETS and TxEN; the latter is conditioned by both 


ECTS and TxEN. 
i.e. TADY status bit = DB Buffer Empty 


TxRDY pın out - DB Buller Empty -[ICTS-O)-(TXEN-1) 


Figure 11. Status Read Format 
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APPLICATIONS OF THE 8251A 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


BAUD RATE 
GENERATOR 


caT 
TERMINAL 


Figure 12. Aeynchronous Serlai Interface to CRT 


Terminal, DC—8600 Baud 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


SYNCHRONOUS 
TERMINAL 
OR PERIPHERAL 
DEVICE 


Figure 13. Synchronous Interface to Terminal or 
Peripheral Device 
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ADDRESS BUS 


CONTROL 8US 


DATA BUS 


TELEPHONE 
LINE 


Figure 14. Asynchronous Interface to Telephone Lines 


ADDRESS BUS ) 


CONTROL AUS 


TELEPHONE 
LINE 


Figure 15. Synchronous Interface to Telephone Lines 
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8212 
8-BIT INPUT/OUTPUT PORT 


m Fully Parallel 8-Bit Data Register and Buffer 


u Service Request Fiip-Flop for 
Interrupt Generation 


m Low Input Load Current — .25mA Max. 
m Three State Outputs 
sm Outputs Sink 15mA 


m 3.65V Output High Voltage for 
Direct Interface to 8008, 8080A, or 
8085A CPU 


m Asynchronous Register Clear 


sw Replaces Buffers, Latches and 
Multiplexers In Microcomputer Systems 


m Reduces System Package Count 


The 8212 input/output port consisis of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer systern can be implemented with this device. 


PIN CONFIGURATION 


PIN NAMES 
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FUNCTIONAL DESCRIPTION 


Data Latch 


The 8 flip-flops that make up the data latch are of a "D" 
type design. The output (Q) of the flip-flop will follow the 
data input (D) while the clock input (C) is high. Latching 
will occur when the clock (C) returns low. 


The latched data is cleared by an asynchronous reset 
input (CLR). (Note: Clock (C) Overrides Reset (CLR).) 


Output Buffer 


The outputs of the data latch (Q) areconnected to 93-state, 
non-inverting output buffers. These buffers have a 
common control line (EN); this control line either enables 
the buffer to transmit the data from the outputs ofthe data 
latch (Q) or disables the buffer, forcing the output into a 
high impedance state. (3-state) 


The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocessor bi-directional 
data bus. 


Control Logic 


The 8212 has control inputs Ds1, DS2, MD and STB. 
These inputs are used to control device selection, data 
latching, output buffer state and service request flip-flop. 


DS1, DS2 (Device Select) 


These 2 inputs are used for device selection. When DS1 is 
low and DS2 is high (DS1 - DS2) the device is selected. In 
the selected state the output buffer is enabled and the 
service request flip-flop (SR) is asynchronously set. 


MD (Mode) 


This input is used to control the state of the output buffer 
and to determine the source of the clock input (C) to the 
data latch. 


When MD is high (output mode) the output buffers are 
enabled and the source of clock (C) to the data latch is 
from the device selection logic (DS1 - DS2). 


When MD is low (input mode) the output buffer state is 
determined by the device selection logie (DS1 - DS2) and 
the source of clock (C) to.the data latch is the STB 
(Strobe) input. 


STB (Strobe) 


This input is used asthe clock (C) to the data latch forthe 
input mode MD = 0) and to synchronously reset the 
service request flip-flop (SR). 


Note that the SR flip-flop is negative edge triggered. 


Service Request Flip-Flop 


The (SR) flip-fllop is used to generate and control 
interrupts in microcomputer systems. It is asynchron- 
ously setbythe CLR input (active low). When the (SR) flip- 
flop is set it is in the non-interrupting state. 


The output of the (SR) flip-flop (Q) is connected to an 
inverting input of a "NOR" gate. The other input to the 
“NOR" gate is non-inverting and is connected to the 
device selection_logic (DS1 - DS2). The output of the 
"NOR” gate (INT) is active low (interrupting state) for 
connection to active low input priority generating circuits. 
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Applications of the 8212 — For 
Microcomputer Systems 


j Basic Schematic Symbol 
N Gated Buffer 

tl Bi-Directional Bus Driver 
IV  Interrupting Input Port 


t. Basic Schematic Symbole 

Two examples of ways to draw the 8212 on system 
schematics — (1) the top being the detailed view showing 
pin numbers, and (2) the bottom being the symbolic view 


BASIC SCHEMATIC SYMBOLS 
INPUT DEVICE 


V Interrupt Instruction Port 
VI Output Port 

VI  8080A Status Latch 

Vitt 8085A Address Latch 


showing the system input or output as a system bus (bus 
containing 8 parallel lines). The output to the data bus is 
symbolic in referencing 8 parallel lines. 


OUTPUT DEVICE 


(DETAILED! 
INPUT OUTPUT 
STROBE FLAG 
SYSTEM ISYMBOLIC) SYSTEM 
OUTPUT 


INPUT 


GND DATA BUS 


ll. Gated Buffer (3-State) 


The simplest use of the 8212 is that of a gated buffer. By 
tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 
buffers are then enabled from the device selection logic 
DS1 and DS2, 


When the device selection logic is false, the outputsare 3- 
state. 


When the device selection logic is true, the input data from 
the system is directly transferred to the output. The input 
data load is 250 micro amps. The output data can sink 15 
milli amps. The minimum high output is 3.65 volts. 


DATA BUS Vec 


GATED BUFFER 


OUTPUT 
DATA 
{15mA) 
(3.65 V MIN) 


GATING 
CONTROL 
(051-082) 
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it. Bi-Directional Bus Driver 


A pair of 8212’s wired (back-to-backı can be used as a 
symmetrical drive, bi-directional bus driver. The devices 
are controlled by the data bus input control which is 
connected to DS1 on the first 8212 and to DS2 on the 
second. One device is active, and acting as a straight 
through buffer the other is in 3-state mode. This is a very 
useful circuit in small system design. 


IV. Interrupting Input Port 


This use of an 8212 is that of a system input port that 
accepts a strobe from the system input source, which in 
turn clears the service request flip-flop and interrupts the 
processor. The processor then goes through a service 
routine, identifies the port, and causes the device 
selection logic togo true — enabling the system input data 
onto the data bus. 


V. Interrupt Instruction Port 


The 8212 can be used to gate the interrupt instruction, 
normally RESTART instructions, onto the data bus. The 
device is enabled from the interrupt acknowledge signal 
from the microprocessor and from a port selection signal. 
This signal is normally tied to ground. (DS1 could be used 
to multiplex a variety of interrupt instruction ports ontoa 
common bus). 
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BI-DIRECTIONAL BUS DRIVER 


DATA BUS 
CONTROL 
(0 L-R) 
0=A-L) 


INTERRUPTING INPUT PORT 


DATA 
INPUT 
STAOBE 


SYSTEM 
INPUT 


SYSTEM 
RESET 


PORT 
setecrion TO PRIORITY CKT 
{DS1DS2) 


(ACTIVE LOW) 
OR 


TO CPU 
INTERAUPT INPUT 


INTERRUPT INSTRUCTION PORT 


RESTAAT 
INSTRUCTION 
{RSTO—RST 7) 


(DSI) PORT SELECTION 
INTERRUPT ACFNOWLEDGE 


8212 


VI. Output Port (With Hand-Shaking) 


The 8212 can be used to transmitdata from the data busto 
a system output. The output strobe could be a hand- 
shaking signal such as "reception of data” from the device 
that the system is outputting to. Itinturn, can interruptthe 
system signifying the reception of data. The selection of 
the port comes from the device selection logic.(DS1 «DS2) 


VI. 8080A Status Latch 


Here the 8212 is used as the status latch for an 8080A 
microcomputer system. The input to the 8212 latch is 
directly from the 8080A data bus. Timing shows that when 
the SYNC signal is true, which is connected to the DS2 
input and the phase 1 signal is true, which is a TTL level 
coming from the clock generator; then, the status data will 
be latched into the B212. 


CLOCK GEN. 
& DRIVER 


STATUS 


OUTPUT PORT (WITH HAND-SHAKING) 


DATA 
BUS 


OUTPUT STAOBE 


SYSTEM OUTPUT 


SYSTEM RESET 


PORT SELECTION 
(LATCH CONTROL) 


SYSTEM T 
(DS1.DS2) 


INTERAUPT 


Note: The mode signal istied high so that the output on the 
latch is active and enabled all the time. 


It is shown that the two areas of concern are the bi- 
directional data bus ofthe microprocessor and thecontrol 
bus. 


- DATA BUS 


ODBIN 
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Vıll. 8085A Low-Order Address Latch 


The 8085A microprocessor uses a multiplexed address/ 
data bus that contains the low order 8-bits of address 
information during the first part of a machine cycle. The 
same bus contains data at a later time in the cycle. An 
address latch enable iALE) signal is provided by the 
8085A to be used by the 8212 to latch the address so that it 
may be available through the whole machine cycle. Note: 
In this configuration, the MODE input istied high, keeping 
the 8212's output buffers turned on at all times. 


8212 


BENE 
aD — Ele 
is III | 


AD, 
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DATA BUS 


LOW ORDER 
ADDRESS BUS 


8212 


ABSOLUTE MAXIMUM RATINGS* 


f A "COMMENT 
Temperature Under Bias Plastic ....... 0°C to +70°C " ; 
” e Stresses above those listed under "Absolute Maxırmum Ratıngs’ may cause 
Storage Temperature ....22nccec.. -65°C to +160°C Permanent damage to the device. Thıs isa stress rating oniy and functional 
AlI Output or Supply Voltages ........ -0.5 to +7 Volts operation of the device at these or any other condilions above those 
All In 5 a y g 1.0 t0 5.5 Volts indıcated ın the operational sections of thıs specification is not ımplıed. 
put VOllageS u... ernennen Ze " Exposure to absolute maximum ratıng conditions lor extended periods 
Output Currents .....2cceseeeereeeenereeenene 100mA may affect device retiability. 


D.C. CHARACTERISTICS Ta = 0°C to +75°C, Vec = +5V 45% 


je 1.1. 
Di4-Dig Inputs mA |VrF=.45V 
IA Input Leakage Current, ACK, DS, CR, 
Vin Input “High” Voltage 20 | 0 Tv 
Isc | Snon@ireuit@unputumen | 16 | | ‚rs | mA |Vo=0V.Vco=sV 
“ee I 1, 
Impedance State yA Vo = .45V/5.25V 
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TYPICAL CHARACTERISTICS 


OUTPUT CURRENT IimAl INPUT CUARENT (uA) 


DATA TO OUTPUT DELAY ins) 


INPUT CURRENT VS. INPUT VOLTAGE 


I 


7 


INPUT VOLTAGE IV} 


OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 


OUTPUT "HIGH" VOLTAGE IV) 


DATA TO OUTPUT DELAY 
VS. TEMPERATURE 


“ T Bar 
„A| 


“ 


TEMPERATURE ('C) 
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OUTPUT CURRENT VS. OUTPUT "LOW" VOLTAGE 
100 


Ve " +6.0V 
N 


OUTPUT CURRENT {mA} 


OUTPUT "LOW" VOLTAGE IV} 


DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 


DATA TO OUTPUT DELAY ins) 


LOAD CAPACITANCE {pFl 


WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 


WRITE ENABLE TO OUTPUT DELAY Ins) 


TEMPERATURE I C) 


8212 


A.C. CHARACTERISTICS Tı = 0°C to +70°C, Vec = +5V + 5% 


Limits 


Test Conditions 


Pulse Width 


EEE 
Data 10 Outpun Day | | 
[Wrte Enabie to Oupun Daisy | | 
Dein Serup tm —_— 3 | | 
Data Ha me | 
Frese to Ounpur deep | | 7 
[Son to Oupu Dany I 
[output Enabie/Disabie time | | | 

ee 


Clear to Output Delay 


CAPACITANCE* F = 1MHz, Vans = 25V. Voc = +5V, Ta = 25°C 


Limits 
Symbol Test 
Typ. Max. 
Cın DS, MD Input Capacitance 9pF 12pF 


Cın DS2, CK, ACK, Di+-Die 
Input Capacitance SpF 9pF 


Court |DO1-DOs Output Capacitance &pF 12pF 


"This parameter is sampled and not 100% tested. 


SWITCHING CHARACTERISTICS 


Conditions of Test 


Input Pulse Amplitude = 2.5V Test Load 
Input Rise and Fall Times Sns 15mA & 30pF 
Between 1V and 2V Measurements made at 1.5V 
with 15mA and 30pF Test Load Vcc 
Note 1: 
Rı 
To 

tpo, twe, ta. ts, tc DUT. 

te, ENABLE! 

E, ENABLE cL® R2 

te. ENABLE I I 


te, DISABLE! 
te, DISABLEI 


*INCLUDING JIG & PROBE CAPACITANCE 
*Includes probe and jig capacitance. 
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TIMING DIAGRAM 


DATA 


See, ak BETH 
Be tpw %H 
STB or DS} - DS2 sv # x 15V 


OUTPUT 


un a a EI ef 


DATA 


STB or DS « DS2 


OUTPUT 
sTe 
DS} + D82 
INT 
NOTE: ALTERNATIVE TEST LOAD {R a 
Vec 
10K 

our 

CL IK 
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inte 
8155/8156/8155-2/8156-2 
2048 BIT STATIC MOS RAM WITH V/O PORTS AND TIMER 


m 256 Word x 8 Bits B 1 Programmable 6-Bit /O Port 

M Single +5V Power Supply EM Programmable 14-Bit Binary Counter/ 
, Timer 

a Sampleleiy SIART-Opstallon I Compatible with 8085A and 8088 CPU 

I Internal Address Latch BE Multipiexed Address and Data Bus 

EB 2 Programmable 8 Bit I/O Ports u 40 Pin DIP 


The 8155 and 8156 are RAM and l/O chips to be used in the 8085A and 8088 microprocessor systems. The RAM portion 
Is designed with 2048 static cells organized as 256 x B. They have a maximum access time of 400 ns to permit use with 
no wait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2 and 
the full speed 5 MHz 8088 CPU. 


The 1/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 
Pins, thus allowing the other two ports to operate in handshake mode. 


A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse 
tor the CPU system depending on timer mode. 


PIN CONFIGURATION BLOCK DIAGRAM 


AD, 7 256X8 
STATIC 
RAM 


sonaon.aunm - 


8155/ 
8156 


8155-2/ 
81562 


| 


TIMER CLK 
TIMER OUT Yes (av) 


8155/8155-2 = CE, 8156/8156-2 = CE 
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8155/8156 PIN FUNCTIONS 


Symbol 


RESET 
(input) 


(Input/output) 


CEorCE 
input) 
RD 
{input ) 


WR 
(input) 


Eunelion 


Pulse provided by the B085A to ini- 
tialize the system (connect to 8085A 
RESET OUT). Input high on this line 
resets the chip and initializes the 
three I/O ports to input mode. The 
width of RESET pulseshould typically 
be two 8085A clock cycle times. 


3-state Address/Data lines that inter- 
face with the CPU lower B8-bit Ad- 
dress/Data Bus. The 8-bit address is 
latched into the address latch inside 
the 8155/56 on the falling edge of 
ALE. The address can be either for 
the memory section or the /O section 
depending on the IO/M input. The 
B-bit data is either written into the 
chip or read from the chip, depending 
on the WR or AD input signal. 


Chip Enable: On the 8155, this pin is 
CE and is ACTIVE LOW. On the 8156, 
this pin is CE and is ACTIVE HIGH. 


Read control: Input low on this line 
with the Chip Enable active enables 
and ADo-r buffers. If IO/M pin is low, 
the RAM content will be read out to 
the AD bus. Otherwise the content 
of the selected I/O port or command/ 
status registers will be read to the 
AD bus. 


Write control: Input low on this line 
with the Chip Enable active causes 
the data on the Address/Data bus to 
be written to the RAM or I/O ports and 
command/status register depending 
on IO/M. 


Symbol 


ALE 
tinput) 


10/M 

(input) 
PAo-7(8) 
(input/output) 


PBo-7(8) 
tinput/output) 


PCo-516) 
(input/output) 


TIMER IN 
(input) 


TIMER OUT 
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(output) 


Vec 
Vss 


Function 

Address Latch Enable: This control 
signal latches both the addresson the 
ADo-7 lines and the state of the Chip 
Enable and IO/M into the chip at the 
falling edge of ALE. 


Selects memory if low and /O and 
command/status registers if high. 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the command 
register. 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the command 
register. 


These 6 pins can function as either 
input port, output port, or as control 
signals for PA and PB. Programming 
is done through the command reg- 
ister. When PCo-s are used ascontrol 
signals, they will provide the fol- 
lowing: 

PCo — A INTR (Port A Interrupt) 
PCı — ABF (Port A Buffer Full) 
PC2 — A STB (Port A Strobe) 

PC3 — B INTR (Port B Interrupt) 
PC4 — B BF (Port B Buffer Full) 
PCs — BSTB (Port B Strobe) 


Input to the counter-timer. 


Timer output. This output can be 
either a square wave or a pulse de- 
pending on the timer mode. 


+5 volt supply. 
Ground Reference. 


8155/8156/8155-2/8156-2 


DESCRIPTION 


The 8155/8156 contains the following: 


e 2k Bit Static RAM organized as 256 x 8 
e TwoB8-bit VO ports (PA & PB) andone6-bit /O port (PC) 
e 14-bit timer-counter 


The IO/M (1O/Memory Select) pin selects either the five 
registers (Command, Status, PAo-7, PBo-7, PCo-s) or 
the memory (RAM) portion. (See Figure 1.) 

The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and IO/M are all latched on-chip at the 
talling edge of ALE. (See Figure 2.) 


8-BIT INTERNAL DATA BUS 


Figure 1. 8155/8156 Internal Registers 


am A 
y, y, 
ADg 7 /\ ADDRESS N\ DATA VALID 


ALE 


NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS 


Figure 2. 8155/8156 On-Board Memory Read/Write Cycle 
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PROGRAMMING OF THE 
COMMAND REGISTER 


The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last twobits (6-7) are forthetimer. 


The command register contents can be altered at any 
time by using the I/O address XXXXX000 during a WRITE 
operation with the Chip Enable active and IO/M = 1. The 
meaning of each bit of the command byte is defined in 
Figure 3. The contents of the command register may 
never be read. 


ı6 2) 3 2 1 0 
[tz [rm 188] 1a] ca] ecı] Pe] PR] 


DEFINES Pg, |!" OUTPUT 


00 = ALT I 
11=ALT2 
DEFINES PCos Ot=ALTa 


DEFINES P : 
a“ } 0 = INPUT 


10 = ALTE 


ENABLE PORT A 


INTERAUPT 1 = ENABLE 
ENABLE PORT B 0 = DISABLE 
INTERRUPT 


00 = NOP - DO NOT AFFECT COUNTER 
OPERATION 

01 = STOP — NOP IF TIMER HAS NOT STARTEO; 
STOP COUNTING IF THE TIMER IS 
AUNNING 

10 « STOP AFTER TC — STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED {NOP 
IF TIMER HAS NOT STARTED) 

11 = START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PAESENTLY 


——= TIMER COMMAN! 


RUNNING). IF TIMER IS RUNNING, STAAT 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 

IS REACHED. 


Figure 3. Command Register Bli Assignment 
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READING THE STATUS REGISTER 


The status register consists of seven latches, one foreach 
bit; six (0-5) for the status of the ports and one (6) fortthe 
status of the timer. 


The status of the timer and the I/O section can be polled 
by reading the Status Register (Address XXXXX000: 
Status word format is shown in Figure 4. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued 


AD} ADs ADs ADs ADz ADz ADı ADy 


NER 


FORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/EMPTY 
UNPUT/OULTPUT) 


PORT A INTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT 8 BUFFER FULL/EMPTY 
INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


TIMER INTERAUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT 15 
REACHEO, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 


Figure 4. Status Register Bit Assignment 
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INPUT/OUTPUT SECTION 


The /O section of the 8155/8156 consists of five registers: 
(See Figure 5.) 


* Command/Status Register (C/S) — Both registers are 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 


When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 


When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the ADo-7 lines. 


PA Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The 
VO pins assigned in relation to this register are PAo-ı. 
The address of this register is XXXXxxX001. 


® PB Register — This register functions the same as PA 
Register. The /O pins assigned are PBo-7. Theaddress 
of this register is XXXXX010. 


® PC Register — This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or ascontrol 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the C/S register. 
When PCo-s is used as a control port, 3 bits are 
assigned for Port A and 3 tor Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
tor the strobed input mode. (See Table 1.) 

When the 'C’ port is programmed to either ALT3or ALT4, 

the control signals for PA and PBare initialized as follows: 


CONTROL INPUT MODE OUTPUT MODE 


BF Low Low 
INTR High 
STB Input Control 


Low 
Input Control 


VO ADDRESS! 
SELECTION 


Interval Command/Status Regısier 
General Purpose I'O Port A 


General Purpose 1:O Port B 

Port C — General Purpose I-O or Control 
Low-Order 8 bıls of Tımer Count 

Hıgn 6 bits ol Timer Count and 2 bıts 

ol Tımer Mode 


x: Don't Care u Fa 
1.0 Address must be qualifiad by CE = 18156 or CE =0:8155 and IO/M = | inorder 
to select the appropriate register. 


Figure 5. I/O port and Timer Addressing Scheme 


Figure 6 shows how VO PORTS A and B are structured 
within the 8155 and 8156: 


8155/8156 
ONE BIT OF POATAOR PORTB 


OUTPUT 
LATCH 
o 


CLK__EIA 


INTERNAL DATA BUS 


READ PORT 


NOTES: 

(1) OUTPUT MODE 
(2) SIMPLE INPUT 
(3) STROBED INPUT 
READ PORT « (10/M=1} e (AD=0) e {CE ACTIVE) « [PORT ADDRESS SELECTED) 
WRITE PORT = {10/M=1) 0 (WA=0) © (CE ACTIVE) ® (PORT ADDRESS SELECTED) 


(4) " 1 FOR OUTPUT MODE 


MULTIPLEKER “0 FOR INPUT MODE 


CONTROL 


Figure 6. 8155/8156 Port Funclions 
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT. 


Input Port 
Input Port 


Output Port 
Qutput Port 
Output Port 
Output Port 
Qutput Port 


Input Port 
Input Port 
Input Port 


A INTR (Port A Interrupt) 
A BF (Port A Buffer Full) 
A STB (Port A Strobe) 
Output Port 
Output Port 
Output Port 


A INTR (Port A Interrupt) 
A BF (Port A Buffer Full) 
A STB (Port A Strobe)' 
B INTR (Port B Interrupt) 
B BF (Port B Buffer Full) 


B STB (Port B Strobe) 


Input Port Qutput Port 


Note in the diagram that when the /O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 


The outputs of the 8155/8156 are “glitch-free” meaning 
that you can write a "1" to a bit position that was previ- 
ously "1" and the level at the output pin will not change. 


Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the 8155/56 
is RESET, the outputlatches are all cleared and all 3 ports 
enter the input mode. 


When in the ALT 1 or ALT 2 modes, the bits of PORTC 
are siructured like the diagram above in the simple input 
or output mode, respectively. 

Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 

Figure 7 shows how the 8155/8156 I/O ports might be 
configured in a typical MCS-85 system. 


824 


TO 8085 RST INPUT 


A _INTR (SIGNALS DATA RECEIVED) 
ABF (SIGNALS DATA READY) 
A STB (ACKNOWL. DATA RECEIVED) 
B STB {LOADS POAT BLATCHI 

8 BF {SIGNALS BUFFER IS FULL) 


BINTR (SIGNALS BUFFER 
READY FOR READING) 


8155/8156 


TO/FROM 
PERIPHERAL 
INTERFACE 


PORTC 


TO 8085 INPUT PORT (OPTIONAL) 


TO 8085 AST INPUT 


Figure 7. Example: Command Register = 00111001 
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TIMER SECTION 


The timer is a 14-bit down-counter that countsthe TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TCı is reached. 


The timer has the /O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for 
the high order byte of the register. (See Figure 5ı. 


To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 8). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 


7 6 5 4 3 2 1 0 

DOREEEEE 
nl —_ 
TIMER MODE 


7 6 5 4 3 2 1 (1) 
L-- — l 
LSB OF CNT LENGTH 


T 
MSB OF CNT LENGTH 


Figure 8. Timer Format 


There are four modes to choose from: M2 and M1 define 
the timer mode, as shown in Figure 9. 


TIMER OUT WAVEFORMS: 


MODE START TERMINAL TERMINAL 
BITS COUNT COUNT COUNT 
M Mi } N N 
0 1. sınaue —.. FF mern 
SQUARE WAVE 
SQUARE WAVE 
3. SINGLE — -— | om. 
1 0 PULSEON 


TEAMINAL COUNT 


> 


CONTINUOUS 


TUT PULSES U U 


Figure 9. Timer Modes 


Bits 6-7 (TM2 and TMı) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 


TMa2 TMı 

0 0. NOP — Do notaffect counter operation. 

0 1..STOP — NOP if timer has not started: 
stop counting if the timer is running. 

1 0 STOP AFTER TC — Stop immediately 
after present TC isreached (NOP iftimer 
has not started) 

1 1. START — Load mode and CNT length 


and start immediately after loading {if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 


Note that while the counter is counting, you may load a 
new count and mode into the count length registers. 
Before the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. This applies even though you may only want to 
change the count and use the previous mode. 


In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 
Figure 10. 


NOTE 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 


Figure 10. Asymmetrical Square-Wave Output Resulling 
from Count 01 9 


The counter in the 8155 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stopthecounting. Therefore, counting cannot begin 
following RESET until a START command is issued via 
the C/S register. 


Please note that the timer circuit on the 8155/8156 chip 
is designed to be a square-wave timer, not an event 
counter. To achieve this, it counts down by lwos twice 
in completing one cycle. Thus, its registers do not con- 
tain values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For 
the detection of single pulses, it is suggested that one 
of the hardware interrupt pins on the B08B5A be used.) 
After the timer has started counting down, the values 
residing in the count registers can be used to calculate 
the actual number of TIMER IN pulses required to com- 
plete the timer cycle if desired. To obtain the remaining 
count, perform the following operations in order: 


1. Stop the count 

2. Read in the 16-bit value from the count length registers 
3. Reset the upper two mode bits 
4 


. Reset the carry and rotate right one position all 16 bits 
through carry 


a 


. It carry is set, add 1/2 of the full original count (1/2 full 
count — 1 if full count is odd). 


Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardiess ot this, the 8155/56 always 
counts out the right number of pulses in generating the 
TIMER OUT waveforms. 
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EXAMPLE PROGRAM 


Following is an actual sequence of program steps that adjusts the 8155/56 count register 
contents to obtain the count, extracted from Intel® Application Note AP38. "Application 
Techniques for the Intel 8085A Bus." First store the value of the full original count in register 
HL of the 8085A. Then stop the count to avoid getting an incorrect count value. Then sample 
the timer-counter, storing the lower-order byte ofthe current count register in register C and 
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine: 


ADJUST, 78 MOV AB ;Load accumulator with upper half 
‚ of count, 


E63F ANI IF ‚Reset upper 2 bits and clear carry. 
IF. RAR ;Rotate right through carry. 

47 MOV B,A Store shifted value back in B. 

79 MOV A,C ‚Load accumulator with lower halt. 
IF RAR ;Rotate right through carry. 

4F MOV C,A ‚Store lower byte in C. 


D9 RNC ‚If in 2nd half of count, return. 
ılf in Ist half, go on. 


3F CMC ‚Clear carry. 


MOV A,H ;‚Divide full count by 2. (If HL 
‚is odd, disregard remainder. 


RAR 

MOV HA 

MOV AL 

RAR 

MOV LA 

DAD B ;‚Double-precision add HL and BC. 
MOV B,H ‚Store results back in BC. 

MOV CL 


RET ‚Return. 


After executing the subroutine, BC will contain the remaining count in the current count cycle. 
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8085A MINIMUM SYSTEM CONFIGURATION 


Figure 11a shows a minimum system using three chips, 
containing: 


256 Bytes RAM 
2K Bytes ROM 
38 I/O Pins 

1 Interval Timer 
4 Interrupt Levels 


8085 MINIMUM SYSTEM CONFIGURATION 


AB- 


%_IIIIIT 


> 
[> 


ll 0 


nd 
ge 
| 


8355 [ROM + O1 
or 


0755A (PROM + Ol 


Figure 11a. 8085A Minimum System Configuration. (Memory Mapped I/O) 
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8088 FIVE CHIP SYSTEM 

Figure 11b.shows a five chip system containing: 
e 1.25K Bytes RAM 

® 2K Bytes ROM 

« 38 1/O Pine 

® 1 Interval Timer 

® 2 Interrupt Levels 


GND 


N 
MANUAL 
GND RESET 


(Vss) 


Figure 11b. 8088 Five Chip System Configuration 828 
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8255A/8255A-5 
PROGRAMMABLE PERIPHERAL INTERFACE 


u MCS-85'" Compatible 8255A-5 


a 24 Programmable VO Pins 
a Completely TTL Compatible 


a Fully Compatible with Intel® Micro- 


processor Families 


a Improved Timing Characteristics 


s Direct Bit Set/Reset Capability Easing 
Control Application Interface 


a 40-Pin Dual In-Line Package 
m Reduces System Package Count 


a Improved DC Driving Capability 


The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has 
24 IIO pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 /O pins may be programmed in sets of 4 to be input or Output. In MODE 1, the second 
mode, each group may be programmed to have B lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 


PIN CONFIGURATION 


PORT ADDRESS 
PORT A (BIT) 


PORT C (BIT) 
«5 VOLTS 
BVOLTs 


© mc TEL Data mus 
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8255A FUNCTIONAL DESCRIPTION 


General 


The 8255A is a programmable peripheral interface (PPI). 


device designed for use In Intel® microcomputer 
systems. Its function Is that of a general purpose I/O 
component to Interface peripheral equipment to the 
microcomputer system bus. The functional configura- 
tion of the 8255A Is programmed by the system software 
so thal normally no external loglc is necessary to Inter- 
face peripheral devices or structures, 


Data Bus Buffer 


This 3-state bidirectional 8-bit buffer Is used to interface 
the 8255A to the system data bus. Data Is transmitted or 
received by the buffer upon execution of input or output 
Instructions by the CPU. Control words and status infor- 
mation are also transferred through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and Con- 
trol busses and in turn, issues commands to both of the 
Control Groups. 


(cs) 
Chip Select. A ""\ow” on this input pin enables the com- 
muniction between the 8255A and the CPU. i 


Figure 1. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions 
830 


(RD) 
Read. A “'iow” on this input pin enables the 8255A to 
send the data or status information to the GPU on the 


data bus. In essence, it allows the CPU to "read from” 
the 8255A. 


(WR) 
Write. A ''Iow” on this input pin enables the CPU to write 
data or control words Into the 8255A. 


(Ao and A,) 


Port Select 0 and Port Select 1. These input signals, In 
conjunction with the AD and WR inputs, control. the 
selection of one of the three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus (A, and A,). 


8255A BASIC OPERATION 


INPUT OPERATION (READ) 
PORT A= DATA BUS ö 
PORT B="DATA BUS 
PORT C = DATA BUS 
OUTPUT OPERATION 
WRITE) 
DATA BUS = PORT A 
DATA BUS = POATB 
DATA BUS = PORT C 
DATA BUS = CONTROL 
DISABLE FUNCTION 
DATA BUS“ 3-STATE 
ILLEGAL CONDITION 


| DATA BUS = 3-STATE 
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(RESET) 


Reset. A ''high on this Input clears the control register 
and all ports (A, C, C) are set to the input mode. 


Group A and Group B Controls 

The functional configuration of each port is program- 
med by the systems software. In essence, the CPU “out- 
puts” a control word to the 8255A. The control word con- 
tains Information such as "'mode”, "bit set”, "bit reset”, 
etc., that Initiallzes the functlonal configuration of the 
8255. 


Each of the Control blocks (Group A and Group B) accepts 
"commands” from the Read/Write Control Logic, receives 
“control words’ from the internal data bus and issues the 
proper commands to its associated ports. 
Control Group A - Port A and Port C upper (C7-C4) 
Control Group B - Port B and Port C lower (C3-C0) 
The Control Word Register can Only be written into. No 
Read operation of the Control Word Register is allowed. 


mn 
BLU 


ONRECTOMEL DATA U 


Figure 2. 8225A Block Diagram Showing Group A and 
Group B Control Functlions 
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Ports A,B, and C 


The 8255A contalns three 8-bit ports (A, B, and C). All 
can be configured in a wide variety of functional charac- 
teristics by the system software but each has Its own 
speclal features or '"‘personality” to further enhance the 
power and flexibiilty of the 8255A. 


Port A. One 8-bit data output latch/buffer and one B-bit 
data input latch. 


Port B. One B-bit data Input/output latch/buffer and one 
8-bit data Input buffer. 


Port C. One 8-bit data output latch/buffer and one &-bit 
data input buffer (no latch for Input). This port can be 
divided Into two 4-bit ports under the mode control. 
Each 4-bit port contalns a 4-bit latch and It can be used 
for the control signal outputs and status signal Inputs In 
conjunction with ports A and B. 


PIN CONFIGURATION 


PORT B (81T) 
PORT C {BIT} 
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8255A OPERATIONAL DESCRIPTION 


Mode Selection 


There are three basic modes of operation that can be select- 
ed by the system software: 


Mode 0 — Basic Input/Output 
Mode 1 — Strobed Input/Output 
Mode 2 — Bi-Directional Bus 


When the reset input goes “high” all ports will be set to 
the input mode (i.e., all 24 lines will be in the high im- 
pedance state). After the reset is removed the 8255A can 
remain in ihe input mode with no additional initialization 
required. During the execution of the system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices with a simple software 
maintenance routine. 


The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in- 
cluding the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be "tailored’' to almost any I/O 
structure. For instance; Group B can be programmed in 
Mode O to monitor simple switch closings or display compu- 
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


PB,PBg  PC3-PC, PCZPC, PA,-PA, 


c 


MODE 1 Bo A 
Je Bo l ß vo 
PBJ-Püu_ CONTROL CONTROL PA,P 
OR 1/0 OR 1/0 ver 
c 
MODE 2 a Li 


| vo Jelgroneerom. 


PB,-PB, vo 27 PA: 
0 CONTROL 7P%s 


Figure 3. Basic Mode Definitions and Bus Interface 
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CONTROL WORD 


GROUP B 


PORT C (LOWER) 
1= INPUT 
0 OUTPUT 


PORTB 
1 = INPUT 
0 «OUTPUT 


MODE SELECTION 
0=MODEO 
t= MODE 1 


PORT € (UPPER) 
1= INPUT 
0 = OUTPUT 


PORTA 
I INPUT 
0 = OUTPUT 


MODE SELECTION 
00 = MODE O 
01 = MODE 1 
IX = MODE 2 


MODE SET FLAG 
1= ACTIVE 


Figure 4. Mode Definition Format ale 
Mi Ich min nt FR5Tatore 


ware. 


JiIcHh 


The mode definitions and possible mode combinations 
may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical l/O ap- 
proach will surface. The design of the 8255A has taken 
into account Ihings such as efficient PC board layout, 
control signal definition vs PC layout and complete 


“tunctional flexibility to support almost any peripheral 


device with no external logic. Such design represents 
the maximum use of the available pins. 


Single Bit Set/Reset Feature 


Äny'of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 
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CONTROL WORD 


BIT SET/RESET 
I=SET 
0.= RESET 


BIT SELECT 


BIT SET/RESET FLAG 
0 = ACTIVE 


Figure 5. Bit Set/Reset Formal 


Operating Modes 


MODE 0 (Basic InpuV/Output). This functional configura- 
tion provides simple input and output operations for 
each of the three ports. No "handshaking’ is required, 
data Is simply written to or read from a specified port. 


INPUT 
&,A1,A0 


05.05 


When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op- 
eration just as if they were data output ports. 


Interrupt Control Functlons 

When ihe 82554 is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request Inputs to the CPU. The interrupt re- 
quest signals, generated from port C, can be Inhiblted or 
enabled by setting or resetting the associated INTE flip- 
flop, using the bit set/reset function of port C. 


This function allows the Programmer to disallow or allow a 
specific I/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 


INTE flip-flop definition: 


{BIT-SET) — INTE is SET - Interrupt enable 
(BIT-RESET) — INTE is RESET - Interrupt disable 


Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 


Mode 0 Basic Functional Definitions: 

e Two 8-bit ports and two 4-bit ports. 

Any port can be input or output. 

Outputs are latched. 

Inputs are not latched. 

16 different Input/Output configurations are possible 
in this Mode. 


Yan 


MODE 0 (Basic Input) 


&La1,ao 


OUTPUT 


MODE 0 (Basic Output) 


833 
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MODE 0 Port Definition 


GROUP B 
PORT C 
{LOWER) 


OUTPUT 


PORT C 
(UPPER) 
OUTPUT 
OUTPUT 


01 fo Foumeur Four 2 | 
Do [1 [ı [oursur [oumur Ta | 
| ı [To Jo [| ourrur | ınpur 

1 | 

er ur 
[1 I 1 | ı | oureur | wur | 7 | 


PORTB 


OUTPUT 
OUTPUT 


OUTPUT 
INPUT 
OUTPUT 


INPUT 
OUTPUT 


OUTPUT 


INPUT | OUTPUT OUTPUT 
INPUT _ | OUTPUT INPUT 

0 ]ı |o | wrur | output | 10 | OUTPUT 
INPUT 


INPUT OUTPUT 11 
INPUT INPUT OUTPUT 


1 [0-17 [mrur mer | 
13 [0 [eur Tneur 
Of Er Tmeor Tmeor 


OUTPUT 


MODE 0 Contligurations 
CONTROL WORD #0 CONTROL WORD #2 
BD Dr 5 D 5 & DD DD 06; Di 05 D 0, 


CONTROL WORD #1 CONTROL WORD #3 
Dr &% & D& Dd, D DD 0) 5 0 & D, OD) D5 


PA,-PA, PA, ‚PA, 


PCH-PC, PC7.PC, 
PCIE PC,.PCy 


PB,PB, P&,B, 


834 00744A 


CONTROL WORD =4 
0%, DD m 0, 0, 0, 


CONTROL WORD s6 
rd. db © 0, D D 


CONTROL WORD =6 
9% &% &% 0, 0&, 0 


CONTROL WORD ®7 
Dr Du 0 0 D 0, © 


0,0, 
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CONTROL WORD =8 
Dr 0% 0&% 0% 0 09%, m © 


CONTROL WORD »9 
0) D&D u D, D) D, D 


CDNTROL WORD =10 
dr, 50 0, 0, db, ©, 


CONTROL WORD #11 
u u a Fu u Ta 


0,0, 
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CONTAOL WORD 212 
u D, ur 0; 0, 


CONTROL WORD =14 
dr, &% m D, 0, D 


CONTROL WORD #13 
9,9, 0%, D 


PA, PA, 
PC,.PC, 
D,.05 


PC,.PC, 


98,78, 


Operating Modes 


MODE 1 (Strobed Input/Output). This functional con- 
figuration provides a means for transferring I/O data to 
or trom a specified port in conjunction with strobes or 
“handshakling” signals. In mode 1, port A and Pori Buse 
the lines on port C to generate or accept these ''hand- 
shaking” signals. 


CONTROL WORD #15 
D) m &% u D D © 


PA,-PA, 
PC,.PC, 
0,8, 


PC,-PC, 


PR,.P8, 


Mode 1 Basic Functional Definitions: 


® Two Groups (Group A and Group B) 

® Each group contains one B-bit data port and one 4-bit 
control/data port. 

© The B-bit data port can be either input or output. 
Both inputs and outputs are latched. 

© The 4-bit port is used for control and status of the 
B-bit data port. 
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Input Control Signal Definition 


STB (Strobe Input). A "Iow” on this Input loads data Into 
the input latch. 


IBF (Input Buffer Full FIF) 


A ""high” on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement. 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 


INTR (Interrupt Request) 


A "high’' on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a “one”, IBF is a "one” and INTE is a “one”. 
It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 


\ EP} 
INTE A Bene: \ 
Controlled by bit set/reset of PC 4 j 
INTEB 


Controlled by bit set/reset of PC». 


INPUT FROM 
PERIPHERAL 


Figure 7. MODE 1 (Strobed Input) 
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MODE 1 (PORT A) 


CONTROL WORD 
D, 8 05 DD, D, D, ©, 


KIEIEHERIEEON 
Kernel 


0 = OUTPUT 


rs, 


IBF, 


INTA, 


vo 


CONTROL WORD 
Dr} DD Du DD, D5 ©, 


 Sxixx xl 


INTAg 


Figure 6. MODE 1 Input 
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Output Control Signal Definition 


OBF (Output Buffer Full FIF). The OBF output will go 
“tow" to indicate that the CPU has written data out to 
the specified port. The OBF FIF will be set by the rising 
edge of the WR input and reset by ACK Input being low. 


ACK (Acknowledge Input). A "low" on this input informs 
the 82554 that the data from port A or port Bhas been ac- 
cepted. In essence, a response from the peripheral 
device indicating that it has received the data output by 
the CPU. 


INTR (Interrupt Request). A ''high'' on this output can be 
used to Interrupt the CPU when an output device has ac- 
cepted data transmitted by the CPU. INTR is set when 
ACK Is a one”, OBF is a ''one” and INTE is a one”. It is 
reset by the falling edge of WR. 


INTEA 
Controlled by bit set/reset of PCe. 
INTEB 
Controlled by bit sev/reset of PC. 


INTR 


us 


Figure 9. Mode 1 (Strobed Output) 
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MODE 1 (PORT A) 


CONTROL WORD 
D) Dg D5 D4 D; D, D, Dy 
DOREEN 


us 


1= INPUT 
0 «OUTPUT 


CONTROL WORD 
D, 0, 0, DD, DD, D, 


EBSOREOREIENX 


INTR, 


Figure 8. MODE 1 Output 
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Combinatlons of MODE 1 


Port A and Port B can be individually defined as input or 


output in Mode 1 to support a wide variety of strobed I1/O 
applications. 


CONTROL WORD 
D, D, 0, D, DD, D, © 


EIEIS ERLEBEN N 
Bin 


0 = OUTPUT 


PORT A - (STROBED INPUT) 
PORT B - [STROBED OUTPUT) 


Figure 10. Combinations of MODE 1 


Operating Modes 


MODE 2 (Strobed Bidirectional Bus 1/O). This functional 
configuration provides a means tor communicating with 
a perıpheral device or structure on a single B-bit bus for 
both transmitting and receiving dala (bidirectional bus 
VO) "Handshaking’ sıgnals are provided to maintain 
proper bus flow discıpline in a similar manner to MODE 
1. Interrupt generation and enable/disable functions are 
also avallable. 


MODE 2 Basic Functional Definitions: 

® Used in Group A only. 

© One B-bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C). 

e Both inputs and outputs are latched. 

® The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port (Port 
A). 


Bidirectional Bus I/O Control Signal Definition 
INTR (Interrupt Request). A high on this output can be 


used to interrupt the CPU for both input or output Opera- 
tions. 


839 


CONTROL WORD 
O5 De Di Da Di Da Di Ds INTa, 
DODOCOD“ . 
Pas 
1= INPUT 
0 = OUTPUT 
Ro ST, 
IBF, 
INTR, 


PORT A - (STAOBED OUTPUT) 
PORT B — (STAOBED INPUTI 


Output Operations 


OBF (Output Buffer Ful). The OBF output will go “low” 
to indicate that the CPU has written data out to port A. 


ACK (Acknowledge). A ''Iow'' on this input enables the 
tri-state output buffer of port A to send out the data. 
OtherwIse, the output buffer will be in the high Im- 
pedance state. 


INTE 1 (The INTE Flip-Flop Assoclated with OBF). Con- 
trolled by bit set/reset of PCg. 

Input Operations 

STB (Strobe Input) 


STB (Strobe Input). A “Iow'' on this input loads data Into 
the Input latch. 


IBF (Input Buffer Full FIF). A ‘high’ on this output in- 
dicates that data has been loaded into the Input !atch. 


INTE 2 (The INTE Fiip-Flop Assoclated with IBF). Con- 
trolled by bit set/reset of PC,. 
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CONTROL WORD 


ud u DD m D 


BEKEGEN 


PCyo 
1=NPUT 
0= OUTPUT 


PORTB 
1= INPUT 
0 = OUTPUT 


WR —————o 
GROUP B MODE 
0=- MODE O 
1" MODE 1 


Figure 11. MODE Control Word Figure 12. MODE 2 


DATA FROM 
PU TO 256 


T BZ 


[1:12 
INTR 

ÄCK - 

+ — 1 ——— 
sTa 
Isıa 1 
IBF 
” “tao|* >| 'co 
PERIPHERAL BEE BENLE, (Er) VERS ND? Ü  SEREETERREN ERBEN ER BEER BENGER 
m GEEEEEEED = 2 GE 
— tm — !aıs 

RB 

DATA FROM DATA FROM 

PERIPHERAL TO 8255A 8256A TO PERIPHERAL 
DATA FAOM 
8255A TO 6080 


Figure 13. MODE 2 (Bidirectional) 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
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MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (OUTPUT) 


INTA, 


CONTROL WORD CONTROL WORD 
D7 O4 Ds D, Dy DD, Do D7 Da Ds Du 05 0; 0, &5 


BEEXORD ss [ L» bxb<pxto le I] 


MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT) 


‚ 


INTA, 


CONTROL WORD 


CONTROL WORD =, 
D, 0, 0, 0, 0, 0, 0, &, D, 0, 0, D, D, 0, D, ©, 
BESSSUODK r, EIEIKEOXEIEN sr, 


Figure 14. MODE 2 Combinatlions 
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Mode Definition Summary 


Speclal Mode Combination Considerations 


There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 


If Programmed as Inputs — 
All input lines can be accessed during a normal Port C 
read. 


If Programmed as Outputs — 
Bits in C upper (PC,-PC4) must be individually accessed 
using the bit set/reset function. 


Bits in C lower (PC3-PCo) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 


Source Current Capability on Port B and Port C 


Any set of eight output buffers, selected randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directiy drive Darlington type drivers 
and high-voltage displays that require such source current. 


Reading Port C Status 


In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts “'hand-shaking’’ signals 
with the peripheral device. Reading the contents of Port C 


842 


GROUP A ONLY 


MODE 0 
OR MODE 1 
ONLY 


allows the programmer to test or verify the "'status’’ of each 
peripheral device and chänge the program flow accordingly. 


There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 


INPUT CÖNFIGURATION 


&% 


GRoUp A "GROUP ou 


OUTPUT CONFIGURATION 


ESERRIESEREREHEN 


TI 
'GROUPB 


GROUP A" 


Figure 15. MODE 1 Status Word Format 


ET DD 


GROUP A . GROUPB 


(DEFINED BY MODE 0 OR MODE 1 SELECTION) 


Figure 16. MODE 2 Status Word Format 
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INTERRUPT 
REQUEST 


APPLICATIONS OF THE 8255A 


The 8255A is a very powerful tool for Interfacing 


peripheral equipment to the microcomputer system. It FULLY 
represents the optImum use of available pins and is flex- ODE. 
ible enough to Interface almost any I/O device without 

the need for additional external logic. one 


INPUT) 


Each peripheral device in a microcomputer system 
usually has a “service routine” associated with it. The 
routine manages the software interface between the 
device and the CPU. The functional definition of the 
8255A Is programmed by the /O service routine and 
becomes an extension of the system software. By ex- 
amining the WO devices interface characteristics for 
both data transfer and timing, and matching this infor- 


mation to the examples and tables In the detalled opera- . BURROUCHS 
tional description, a control word can easily be devel- SEUFSCHN 
oped to initlalize the 8255A to exactly "fit" the applica- Mi 
tion. Figures 17 through 23 present a few examples of PB, 8, 


typical applications of the 8255A. Aal) BACKSPACE 
CLEAR 


DATA READY 


INTERRUPT ACK 
REQUEST BLANKING 


CANCEL WORD 


INTERAUPT 
REQUEST 
HIGH-SPEED 
PRINTER 


Figure 18. Keyboard and Display Interlace 


MODE 1 
{OUTPUT} 
INTERAUPT 


| HAMMER 
BELAYE REQUEST 


FULLY 
MODE ı | DECODED 
{INPUT) ri KEYBOARD 


MODE 1 
(OUTPUT) 


STROBE 
ACKNOWLEDGE 
BUSYLT 
TESTLT 


TERMINAL 
CONTROL LOGIC AND DRIVERS ADDRESS 
INTERRUPT 


AEQUEST 


{INPUT} | 


Figure 17. Printer Interface 


Figure 19. Keyboard and Terminal Address Interlace 
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INTERRUPT 
REQUEST 


FLOPPY DISK 
CONTROLLER 
AND DRIVE 
TUT 
CONVERTER ANALOG QUTRU 
(DAc) 
DATA STB 
ACK (IN) 
DATA AEADY 
STB DATA ACK (OUT) 
TPUT EN 
en TRACK "0" SENSOR 
ee SYNC READY 
INDEX 
ENGAGE HEAD 
N FORWARD/REV. 
CONVERTER ANALOG INPUT READ ENABLE 


tADC) 


Figure 20. Digital to Analog, Analog to Digital 


INTERAUPT 
REQUEST 


MODE 1 
(OUTPUT) 


INTEARUPT 
REQUEST 


CAT CONTROLLER 

© CHARACTER GEN. 
e REFRESH BUFFER 
e CUASOR CONTROL 


SHIFT 
CONTROL 


DATA READY 
ACK 
BLANKED 
BLACK/WHITE 


ROW STB 
COLUMN STB 
CURSOR H/V STB 


CURSOR/ROW/COLUMN 
- ADDRESS 
HAV 


Figure 21. Basic CRT Controller Interface 
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WRITE ENABLE 


MODE 0 
OUTPUT) DISC SELECT 


ENABLE CAC 
TEST 


BUSYLT 


Figure 22. Basic Floppy Disc Interface 


BLEVEL 
PAPER 

R, TAPE 

READER 


MODE 1 
UNPYT) 


eashA MACHINE TOOL 


START/STOP 
LIMIT SENSOR (H/VI 
OUT OF FLUID 


MODE 0 
INPUT) 


CHANGE TOOL 
LEFT/RIGHT 
UP/DOWN 
MODE 0 HOR. STEP STAOBE 
OUTPUT} VERT. STEP STROBE 
SLEW/STEP 
FLUID ENABLE 
——e| EMERGENCY STOP 


Figure 23. Machine Tool Controller Interface 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias... ...... 0°C to 70°C 
Storage Temperature . . oo aan. -65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground. ........... —0.5V t0 +7V 
Power Dissipation ... 2.2.22 ccueneenennenn 1 Watt 
D.C. CHARACTERISTICS 


Ta = 0°C to 70°C, Vec = +5V +5%; GND = 0V 


SYMBOL PARAMETER 
VıL Input Low Voltage 


ViH Input High Voltage 


Vor DB) | Output Low Voage (Data Bu) | 
VoL(PERI] Output Low Vonage (Pripheral Port] 
Von!D®) [Output High Voltage Data Bun | 
Von(PER)| Our High Voltage (Peripheral Port 
lorL 


Note 1: Available on any 8 pins from Port BandC. 


CAPACITANCE 
Ta = 25°C; Vec = GND = 0V 


PARAMETER 


SYMBOL 


V/O Capacitance 


< 
bar ER ö 
ols 8 


mn [me [m] 
innen cmusiune | | | [er | 
Eee 


"COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device, This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


T TEST CONDITIONS 


loL = 2.5mA 

loL = 1.7mA 

loH = -400u.A 

Ion = -200uA 

Rext = 7508; Vext= 1.5V 


Vın = Vec to 0V 
Vout = Vec to 0V 


c 


UNIT TEST CONDITIONS 


Unmeasured pins returned to GND 


750: 
en 


T 100pF 


*Vexr Is set at varlous voltages during testing to guarantee the speclfication. 


Figure 24. Test Load Circult (for dB) 
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00744A 


8255A/8255A-5 


A.C. CHARACTERISTICS 
Ta = 0°C to 70°C; Vec = +5V #5%; GND = 0V 


Bus Parameters 


Read: 
u | 
Write: R 
EEE 
tam | Address Stable BeforewRTtE | 0 | | ns 
wa | AdsesssublsAterware | © | [18 E 
Other Timings: : 
BETEN 
tr | SraPuewion | so | | m 
two | Per.DsaBetorer.gonste | 0 | | m 


Notes: 1. Test Conditions: 8255A: Cı = 100pF; 8255A-5: CL = 150pF. 
2. Period of Reset pulse must be at least 5045 during or after power on. 
Subsequent Reset pulse can be 500 ns min. 
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ns 
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